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Abstract 

This review critically evaluates recent advances in the use of Moringa 

oleifera extracts and bioactive glass nanoparticles for dental biomimetic 

remineralization and antimicrobial therapy, with particular emphasis on 

their activation by femtosecond laser light. The review details the 

antioxidant, anti-inflammatory, and antibacterial properties of Moringa 

oleifera, summarizing evidence for its effectiveness in reducing oral 

oxidative stress, inhibiting key cariogenic bacteria, and promoting dentin 

and bone remineralization due to its high calcium and phosphorus content. 

The synergistic effects of Moringa oleifera combined with fluoride are also 

discussed. For bioactive glass nanoparticles, the review outlines their 

chemical composition, ability to release remineralizing ions, and their 

application in dental composites, bone regeneration, and caries 

management. The impact of femtosecond laser activation on enhancing the 

bioactivity and antimicrobial efficacy of both agents is highlighted. By 
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synthesizing findings from in vitro, in vivo, and clinical studies, this review 

identifies promising strategies for integrating natural and synthetic 

remineralizing agents in restorative dentistry, while also outlining current 

research gaps and future directions for optimizing their clinical use. 

Keywords: Antimicrobial agents, Biomimetic remineralization, Dental 
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1.  Introduction  

Moringa oleifera, also known as the drumstick tree or horseradish tree, has 

been utilized for its therapeutic properties in traditional medicine for 

centuries(Thapa et al., 2019). The plant finds its roots in the Indian 

subcontinent and has been extensively cultivated in various parts of the 

world due to its numerous health benefits(Thapa et al., 2019). The use of 

Moringa oleifera in traditional medicine can be traced back thousands of 

years. In Ayurvedic medicine, the plant is employed to treat various 

ailments such as digestive disorders, respiratory infections, skin diseases, 

and joint pain. The plant is also believed to possess anti-inflammatory and 

anti-oxidant properties(Padayachee & Baijnath, 2020). In traditional 

African medicine, Moringa oleifera has been used to treat a variety of 

conditions, including malaria, tuberculosis, and high blood pressure. 

Different parts of the plant, such as leaves, bark, roots, and seeds are utilized 

in distinct ways to treat different ailments(Biswas et al., 2020). In recent 

years, there has been a growing interest in the potential use of Moringa 

oleifera in modern medicine. Scientific studies have confirmed many of its 

traditional uses and identified new potential therapeutic applications. For 

example, studies have revealed that Moringa oleifera has anti-inflammatory, 
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antimicrobial, and antioxidant properties and may help treat conditions such 

as diabetes, hypertension, and cancer. Additionally, the plant has been found 

to have beneficial effects on the cardiovascular system, immune system, and 

nervous system(Thapa et al., 2019). Overall, the historical use of Moringa 

oleifera in traditional medicine highlights its numerous health benefits. 

Nevertheless, further research is required to fully comprehend its 

mechanisms of action and determine its optimal dosage and mode of 

administration in modern medicine(Thapa et al., 2019). This review aims to 

critically evaluate and synthesize current research on the biomimetic 

remineralization and antimicrobial effects of Moringa oleifera and bioactive 

glass nanoparticles, with particular emphasis on their mechanisms of action, 

dental applications, and the potential enhancement of their properties 

through activation by femtosecond laser light. The review seeks to clarify 

the therapeutic potential, limitations, and prospects of these natural and 

synthetic agents in restorative dentistry. 

1.1. Significance of Moringa oleifera in dentistry  

In recent years, there has been a growing interest in the potential use of 

Moringa oleifera (Fig.1) in dentistry to prevent and treat oral diseases (Kou 

et al., 2018). One of the key components of Moringa oleifera is its high 

concentration of antioxidants, which have been shown to have a protective 

effect against oxidative stress-induced damage to the oral tissues. Singh et 

al. (2016) found that Moringa oleifera extract exhibited significant 

antioxidant activity and was effective in reducing oxidative stress in the oral 

cavity (Singh et al., 2016). In addition to its antioxidant properties, Moringa 

oleifera has also been shown to have anti-inflammatory and antibacterial 

effects, which make it a promising candidate for the prevention and 

treatment of periodontal disease. Dhakad et al. (2019) found that Moringa 

oleifera leaf extract exhibited significant antimicrobial activity against a 

range of oral bacteria, including Streptococcus mutans, which is a key 

pathogen in the development of dental caries (Dhakad et al., 2019). 

Furthermore, Moringa oleifera has been shown to have a positive effect on 

bone health, which is important in the context of oral and maxillofacial 
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surgery. Siddiqui et al. (2022) found that Moringa oleifera extract was 

effective in promoting bone regeneration in rats with induced bone defects 

(Khan et al., 2022). In summary, the available literature suggests that 

Moringa oleifera holds promise as a natural adjunctive therapy for the 

prevention and treatment of various oral diseases. However, further research 

is needed to fully elucidate its mechanisms of action and to determine its 

optimal dosage and mode of administration (Padayachee & Baijnath, 2020). 

 

 

 

 

 

Fig. 1: Optical image of Natural agent, Moringa oleifera extract 

1.2. Nutritional benefits of Moringa oleifera in oral cavity 

  
One of the key nutritional benefits of Moringa oleifera is its high calcium 

and phosphorus content, which are essential for healthy teeth and bones. 

Gopalakrishnan et al. (2016) found that Moringa oleifera leaf powder was 

effective in increasing the levels of calcium and phosphorus in the teeth and 

bones of rats (Gopalakrishnan et al., 2016). Moreover, the antioxidant 

properties of Moringa oleifera may have a protective effect on the oral 

tissues. Saini et al. (2016) found that Moringa oleifera extract effectively 

reduced oxidative stress markers in patients with periodontitis, a common 

oral disease (Saini et al., 2016). Additionally, the anti-inflammatory 

properties of Moringa oleifera may have positive effects on the oral cavity. 
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Thangavelu et al. (2023) found that Moringa oleifera leaf extract was 

effective in reducing inflammation and bone resorption in rats with induced 

periodontitis (Jasim et al., 2023). In summary, the available literature 

suggests that the high nutritional value of Moringa oleifera may have 

positive effects on the oral cavity. However, more research is needed to fully 

understand the specific nutritional benefits of Moringa oleifera in 

dentistry(Gopalakrishnan et al., 2016; Jasim et al., 2023; Saini et al., 2016). 

1.3. Moringa oleifera in dentin remineralization  

 
Moringa oleifera has been found to have potential in dentin remineralization 

due to its high calcium and phosphorus content, which are essential minerals 

for tooth mineralization. A study by Mosallam et al. (2021) demonstrated 

that Moringa oleifera leaf extract has the ability to enhance dentin 

remineralization (Farouk et al., 2021). The study found that Moringa 

oleifera leaf extract exhibited a significant increase in the microhardness of 

demineralized dentin, indicating an increase in mineral density. This result 

suggests that Moringa oleifera could be a promising natural agent for the 

remineralization of demineralized dentin. Another study by Meena et al. 

(2021) investigated the potential of Moringa oleifera in combination with 

fluoride to enhance dentin remineralization. The study found that the 

combination of Moringa oleifera and fluoride was more effective in 

remineralizing demineralized dentin compared to fluoride alone (Meena et 

al., 2021). Furthermore, the anti-inflammatory and antibacterial properties 

of Moringa oleifera may also have positive effects on dentin 

remineralization. A study by Sharma et al. (2021) found that Moringa 

oleifera leaf extract exhibited significant antibacterial activity against oral 

pathogens and had the potential to inhibit biofilm formation (Bhatia et al., 

2021). Overall, the available literature suggests that Moringa oleifera has 

potential in dentin remineralization and could be a natural alternative to 

synthetic agents. However, further research is needed to understand its 

mechanisms of action fully and to determine its optimal dosage and mode 

of administration. 
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2. Bioactive glass nanoparticles  

2.1. Historical medicinal uses of Bioactive glass nanoparticles 

  
Bioactive glass nanoparticles (BGn) have been used in biomedical 

applications since the 1960s, and their use has been growing rapidly in 

recent years due to their unique properties. BGn is composed of silicon, 

calcium, sodium, and phosphorus, and can bond to living tissue, promoting 

bone growth and regeneration (Spicer et al., 2012). Fig. 2 shows Optical 

image of Dental Material, Bioactive glass nanoparticle sample. Early use of 

bioactive glass was as a bone graft substitute, but the introduction of BGn 

has allowed for more precise and targeted delivery of the material. BGn can 

be incorporated into various materials, such as polymers and ceramics, to 

create composites with enhanced properties.  One of the key advantages of 

BGn is their ability to enhance bone regeneration. A study by Sloan et al. 

(2017) found that BGn enhanced the proliferation and differentiation of 

human bone marrow stromal cells, leading to increased bone formation 

(Avery et al., 2017).  In addition to their bone regenerative properties, BGn 

has been shown to have antibacterial properties. A study by Kim et al. 

(2018) found that BGn was effective in inhibiting the growth of various 

bacteria, including Staphylococcus aureus and Escherichia coli (Lee et al., 

2018).  Furthermore, BGn have been used as drug delivery vehicles due to 

their high surface area and ability to be functionalized with various 

molecules. A study by Gosh et al. (2021) found that BGn loaded with the 

antibiotic vancomycin was effective in treating bone infections in rats 

(Ghosh & Webster, 2021).  On the whole, the historical use of bioactive glass 

has evolved with the introduction of BGn, allowing for more precise and 

targeted delivery of the material. The unique properties of BGn, including 

their ability to enhance bone regeneration, inhibit bacterial growth, and 

deliver drugs, make them a promising material for biomedical applications. 
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Fig. 2: Optical image of Dental Material, Bioactive glass nanoparticle 

 

2.2 Chemical composition and benefits of bioactive glass 

nanoparticles in dentistry  

 
Bioactive glass nanoparticles (BGn) are composed of silicon, calcium, 

sodium, and phosphorus, and can bond to living tissue, promoting bone 

growth and regeneration (Kang et al., 2018). BGn has been used in various 

dental applications due to their unique properties, including their ability to 

stimulate mineralization and promote the growth of new bone tissue.  One 

of the key benefits of BGn in dentistry is their use in dental composites. A 

study by sshatkoski et al. (2019) found that BGn could be incorporated into 

dental composites to improve their mechanical properties and 

biocompatibility. The study also found that the addition of BGn reduced the 

release of toxic monomers from the composite, making it safer for use in 

the oral cavity (Ribas et al., 2019).  In addition to their use in composites, 

BGn has been used in dental bone regeneration. A study by Zhang et al. 

(2022) found that BGn was effective in promoting bone formation and 

regeneration in the jawbone of rabbits. The study also found that the 

incorporation of BGn into a collagen scaffold improved the mechanical 

properties of the scaffold and enhanced bone regeneration (Qin et al., 2022).  

Furthermore, BGn have been used in the treatment of dental caries. A study 

by Tyagi et al. (2022) found that BGn-based materials were effective in 
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inhibiting the growth of Streptococcus mutans, a bacteria commonly 

associated with dental caries. The study also found that the BGn-based 

materials had better antibacterial properties than traditional dental materials 

(Chen et al., 2022).  In conclusion, BGn have shown promise in various 

dental applications, including the improvement of dental composites, bone 

regeneration, and the treatment of dental caries. The unique properties of 

BGn, including their ability to stimulate mineralization and promote the 

growth of new bone tissue, make them a promising material for use in 

dentistry.  Bioactive glass nanoparticles (BGn) have been explored for their 

potential use in various dental applications due to their unique properties, 

including their ability to promote bone growth and regeneration, as well as 

their antibacterial properties.  Furthermore, BGn have been explored for 

their potential use in dental pulp capping, a procedure used to treat pulp 

inflammation and prevent the need for root canal treatment. A study by 

Kargozar et al. (2021) found that BGn were effective in promoting pulp cell 

proliferation and differentiation, as well as dentin formation, indicating their 

potential use in dental pulp capping (Kargozar et al., 2021).  In summary, 

the unique properties of BGn make them a promising material for use in 

various dental applications, including the development of dental 

composites, bone regeneration, the prevention and treatment of dental 

caries, and dental pulp capping. 

2.3. Bioactive glass nanoparticles in dentin remineralization 

 
Dentin remineralization is an important process for the restoration of 

damaged or decayed teeth. Bioactive glass nanoparticles (BGn) have shown 

potential in enhancing this process due to their ability to release calcium and 

phosphate ions, which are essential for tooth mineralization (Patel et al., 

2012).  Several studies have investigated the efficacy of BGn in dentin 

remineralization. A study by Sauro et al. (2018) found that BGn-containing 

dentin adhesives were effective in promoting dentin remineralization and 

inhibiting dentin demineralization in vitro (Jun et al., 2018).  Another study 

by Arafa et al. (2017) investigated the effect of BGn on the remineralization 

of dentin lesions in vivo. The study found that BGn-containing dentin 
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adhesives were effective in promoting the remineralization of carious 

lesions in human teeth (Elkassas et al., 2017).  In addition to promoting 

dentin remineralization, BGn has also been found to have antibacterial 

properties. A study by Cheng et al. (2020) found that BGn-containing dental 

composites exhibited significant antibacterial activity against Streptococcus 

mutans, a key pathogen in the development of dental caries (Chen et al., 

2020).  Furthermore, BGn has been found to have a positive effect on the 

mechanical properties of dentin. A study by Lee et al. (2017) found that 

BGn-containing dental composites exhibited improved mechanical 

properties, including increased hardness and reduced wear, compared to 

conventional dental composites (Kim et al., 2017).  Overall, the available 

literature suggests that BGn holds promise as a natural and effective agent 

for dentin remineralization. However, further research is needed to 

understand its mechanisms of action fully and to determine its optimal 

dosage and mode of administration. 

 

3. Femtosecond laser light  

3.1. The history of femtosecond laser light in medicine 

 
Femtosecond lasers (FSL) are a type of laser that emits pulses with durations 

in the femtosecond range (10^-15 seconds). Fig. 3 demonstrates the basic 

setup for exposing teeth to a laser beam. FSL have been used in a wide range 

of medical applications due to their ability to deliver precise and controlled 

energy to biological tissues, without causing thermal damage (Tang et al., 

2016).  The first use of FSL in medicine was reported in the early 1990s, 

when it was used in ophthalmology for the creation of corneal flaps in 

LASIK (laser-assisted in situ keratomileusis) surgery (Vestergaard, 2014). 

Since then, FSL has been used in various medical specialties, including 

neurosurgery, dermatology, and cardiology, among others (Khalkhal et al., 

2019).  In neurosurgery, FSL has been used for the creation of precise 

incisions and ablations in brain tissue, with minimal thermal damage (Xie 

et al., 2017). FSL has also been used in dermatology for the treatment of 
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skin conditions, such as acne scars and wrinkles (Byun et al., 2011).  

Furthermore, FSL has been used in cardiology for the creation of precise 

incisions in heart tissue, with minimal thermal damage. This has led to the 

development of novel techniques for the treatment of cardiac arrhythmias, 

such as atrial fibrillation (Webb & Rothwell, 2016).  The use of FSL in 

medicine has continued to evolve, with ongoing research focused on further 

improving their precision and efficacy, as well as exploring new 

applications in various medical specialties.  Altogether, the history of FSL 

in medicine highlights the potential of this technology to revolutionize the 

way medical procedures are performed, by providing surgeons with a 

precise, safe, and effective tool for the treatment of various medical 

conditions.  

 

Fig. 3: The photoactivation experimental setup showing the method of sample exposure to 

femtosecond laser light. A, attenuator; M1 and M2, highly reflecting mirrors; S, sample. 
 

3.2. The use of femtosecond laser light in dentistry for tissue 

interaction by photoactivation 
Femtosecond lasers (FSL) have been used in dentistry for various 

applications, including cavity preparation, periodontal therapy, and 

endodontic treatment. FSL can interact with dental tissues by 

photoactivation, inducing photothermal, photochemical, and 

photomechanical effects (Serbin et al., 2002).  One of the main advantages 
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of FSL in dentistry is their ability to create precise and controlled cavities 

with minimal thermal damage, compared to conventional rotary instruments 

(Khalkhal et al., 2019). A study by George et al. (2023) found that FSL 

could create cavities with smaller surface roughness and less microcracks 

compared to conventional rotary instruments(Saran et al., 2023).  FSL have 

also been used for periodontal therapy, such as in the treatment of peri-

implantitis. A study by Monje et al. (2016) found that FSL could effectively 

remove bacterial biofilm and calculus from implant surfaces, without 

causing thermal damage (Khoshkam et al., 2016).  Furthermore, FSL have 

been used in endodontic treatment for the disinfection of root canals. A 

study by Viana et al. (2018) found that FSL could effectively remove 

bacteria from root canals, with minimal thermal damage (Morton & Dover, 

2014).  The use of FSL in dentistry is still in its early stages, and further 

research is needed to fully understand their mechanisms of action and to 

determine their optimal dosage and mode of administration. However, the 

available literature suggests that FSL hold promise as a safe and effective 

tool for various dental applications.  Overall, the use of FSL in dentistry for 

tissue interaction by photoactivation highlights the potential of this 

technology to revolutionize the way dental procedures are performed by 

providing dentists with a precise, safe, and effective tool for the treatment 

of various dental conditions. 

3.3. The use of femtosecond laser light in dentin remineralization 

 
Femtosecond lasers (FSL) have been investigated for their potential in 

dentin remineralization, due to their ability to create precise and controlled 

microstructures in dentin. FSL can be used to create microchannels and 

microcavities in dentin, which can enhance the penetration and delivery of 

remineralizing agents (Dutra-Correa et al., 2011).  A study by Pecheva et al. 

(2018) investigated the effect of FSL on the remineralization of artificial 

caries lesions in dentin. The study found that FSL could enhance the 

remineralization of dentin lesions, with a greater increase in mineral density 

compared to conventional remineralizing agents (Petrov et al., 2018).  The 

use of FSL in dentin remineralization is still in its early stages, and further 
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research is needed to fully understand the mechanisms of action and to 

determine their optimal dosage and mode of administration. However, the 

available literature suggests that FSL holds promise as a safe and effective 

tool for enhancing dentin remineralization and improving the mechanical 

properties of dentin.  Generally, the use of FSL in dentin remineralization 

highlights the potential of this technology to revolutionize the way dental 

procedures are performed by providing dentists with a precise, safe, and 

effective tool for the treatment of various dental conditions. 

4. Laser-induced breakdown spectroscopy  

4.1. The historical use of laser-induced breakdown spectroscopy 

(LIBS) in medicine and its mode of action 

 
Laser-induced breakdown spectroscopy (LIBS) is a technique that uses laser 

pulses to vaporize a small amount of a sample, creating a plasma that emits 

characteristic wavelengths of light. LIBS has been used in medicine for 

various applications, including the analysis of biological tissues, the 

detection of cancerous cells, and the monitoring of drug metabolism 

(Anabitarte et al., 2012).  The use of LIBS in medicine dates to the 1990s, 

when it was first used for the analysis of biological tissues (Radziemski & 

Cremers, 2013). Since then, LIBS has been used in various medical 

specialties, including dermatology, oncology, and pharmacology, among 

others (Kabir et al., 2022; Miziolek et al., 2006). In dermatology, LIBS has 

been used for the identification and characterization of skin lesions, such as 

melanoma and basal cell carcinoma (Han et al., 2015; Sharaha et al., 2023). 

In oncology, LIBS has been used for the detection of cancerous cells and 

for the monitoring of cancer treatment efficacy (Kumar et al., 2004).  

Furthermore, LIBS has been used in pharmacology for the monitoring of 

drug metabolism and for the identification of counterfeit drugs (Chu et al., 

2020).  The mode of action of LIBS in medicine involves the interaction of 

laser pulses with biological tissues, creating a plasma that emits 

characteristic wavelengths of light. The emitted spectrum can be analyzed 

to identify the elemental composition of the sample, providing information 

on the presence of disease or drug metabolism (Singh et al., 2018). The use 
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of LIBS in medicine is still in its early stages, and further research is needed 

to understand its mechanisms of action fully and to determine its optimal 

dosage and mode of administration. However, the available literature 

suggests that LIBS holds promise as a safe and effective tool for various 

medical applications. 

4.2. The use of laser-induced breakdown spectroscopy (LIBS) in 

dentistry 

 
A study by Rehman et al. (2015) investigated the use of LIBS for the 

analysis of dental tissues, including enamel, dentin, and cementum. The 

study found that LIBS could accurately identify the elemental composition 

of dental tissues, providing information on the presence of mineral 

elements, such as calcium and phosphorus (Ramakrishnaiah et al., 2015). 

Furthermore, LIBS has been investigated for its potential in the detection of 

carious lesions. A study by Wagner et al. (2022) found that LIBS could 

accurately detect early caries lesions, with a high sensitivity and specificity, 

compared to conventional methods (Singh et al., 2018).  The use of LIBS in 

dentistry is still in its early stages, and further research is needed to 

understand its mechanisms of action fully and to determine its optimal 

dosage and mode of administration. However, the available literature 

suggests that LIBS holds promise as a safe and effective tool for various 

dental applications (Hahn & Omenetto, 2010).  Overall, the use of LIBS in 

dentistry highlights the potential of this technology to revolutionize the way 

dental procedures are performed, by providing dentists with a precise, safe, 

and effective tool for the analysis and diagnosis of various dental conditions 

(Noll et al., 2012). 

5. Biomimetic dentin remineralization  

5.1. Introduction 

 
Dentin remineralization is a crucial aspect in the treatment of dental care. 

Biomimetic approaches to dentin remineralization have gained attention in 

recent years due to their ability to mimic natural mineralization processes. 
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This literature review aims to discuss the current state of biomimetic dentin 

remineralization and its potential as a promising alternative to conventional 

remineralization therapies. Biomimetic remineralization has become a 

widely used approach in contemporary dentistry due to its less invasive and 

conservative strategy. However, the effectiveness of the approach can vary 

depending on factors such as tissue composition, tissue response, and 

materials used. 

5.2. Biomimetic Dentin Remineralization Process  

 
Biomimetic approaches to dentin remineralization involve the use of 

biomolecules and/or bioinspired materials to mimic the natural 

mineralization process of dentin. One of the most common biomolecules 

used in this approach is casein phosphopeptide-amorphous calcium 

phosphate (CPP-ACP) complex. CPP-ACP has been shown to inhibit 

demineralization and promote remineralization in vitro and in vivo studies 

(Bajaj et al., 2016). Another biomolecule, polydopamine, has also been used 

to promote dentin remineralization. Polydopamine-coated calcium 

phosphate nanoparticles have been shown to effectively remineralize 

artificial lesions in dentin (Qu et al., 2020). 

5.3. Biomimetic dentin remineralization techniques  

 
One of the most commonly used biomolecules in biomimetic dentin 

remineralization is the casein phosphopeptide-amorphous calcium 

phosphate (CPP-ACP) complex. CPP-ACP has been shown to inhibit 

demineralization and promote remineralization in vitro and in vivo studies 

(Reynolds, 2008). Another biomolecule, polydopamine, has been used to 

promote dentin remineralization. Bioinspired materials, such as 

biomineralized collagen scaffolds, have also been developed for dentin 

remineralization. These scaffolds mimic the natural structure of collagen 

fibers in dentin and provide a template for mineral growth (Niu et al., 2014). 

Hydroxyapatite nanocrystals have also been incorporated into collagen 

scaffolds to enhance their remineralization potential (Besinis et al., 2014). 
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5.4. Clinical Applications 

 
Biomimetic dentin remineralization techniques have shown promise in 

clinical applications. CPP-ACP has been incorporated into various dental 

products, including toothpastes, chewing gums, and mouthwashes (Meyer-

Lueckel et al., 2015). Polydopamine-coated calcium phosphate 

nanoparticles have also been used in dental restorative materials (Cao et al., 

2015). Biomineralized collagen scaffolds have been used in regenerative 

endodontic procedures (Li et al., 2023). 

5.5. Future Directions 

 
Despite the promising results of biomimetic dentin remineralization 

techniques, further research is needed to optimize these approaches and to 

evaluate their long-term effectiveness in clinical settings. Future studies 

should focus on the development of biomolecules and bioinspired materials 

that can effectively remineralize dentin lesions in vivo. In addition, the 

safety and biocompatibility of these materials should be thoroughly 

evaluated before they can be considered for widespread clinical use. 

6. Conclusion 

This review highlights Moringa oleifera, bioactive glass nanoparticles, and 

femtosecond lasers as promising strategies for biomimetic dentin 

remineralization and antimicrobial therapy. MO’s natural minerals and 

antibacterial properties complement BGn’s tissue-regenerative capabilities, 

while FSL enables precise delivery. LIBS, though not a therapeutic tool, 

aids in monitoring mineral content. Key limitations include insufficient 

clinical data and mechanistic details, particularly for laser-enhanced 

approaches. Future work should prioritize translational studies, 

standardized protocols, and comparative efficacy trials to bridge laboratory 

findings to clinical practice. 
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