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ABSTRACT 

Magnetic nanoparticles (MNPs) have attracted significant interest in the field of drug delivery, due to their unique 
physicochemical properties and ability to act at the molecular and cellular levels. Another property of magnetic 
nanoparticles that has contributed to their popularity is their ability to target specific cells, reducing the systemic 
toxicity of the compound. In recent years, magnetic nanoparticles and magnetic forces have been used in dentistry 
to deliver drugs for the prevention and treatment of dental diseases. Magnetic nanoparticle-based therapies are 
highly effective against bacterial and fungal pathogens that are resistant to conventional antibiotic therapy. In the 
field of cosmetic dentistry, magnetic nanoparticles have contributed to improving the transparency and corrosion 
resistance of dental materials. The use of magnetic nanoparticles in various dental drug delivery systems has also 
contributed to reducing the incidence of dental caries and dental diseases in the fields of root canal and 
periodontal treatment. The addition of magnetic nanoparticles to dental filling materials and adhesives has helped 
prevent the formation of biofilms. In this chapter, the applications of magnetic nanoparticles in dentistry are 
summarized with emphasis on their biocompatibility and safety.   
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1 Introduction 
 

NE of the most common health issues in the 

world, oral and dental illnesses have a major 

impact on people's quality of life [1-5]. The 

health of the mouth and face is seriously 

threatened by these disorders, which include a broad 

variety of conditions like gingivitis, periodontal disease, 

tooth decay, and oral malignancies, including oral cancer 

[6-10]. Even while traditional diagnostic and therapy 

approaches for these conditions have advanced 

significantly, it is still difficult to achieve the best possible 

therapeutic results because of side effects that can harm 

healthy tissues and lessen the efficacy of treatments. 

Chemical, antibiotic, and anti-inflammatory medications 

are used in the conventional treatment of oral disorders; 

however, these medications frequently have adverse side 

effects that impair the healing process or the health of 

healthy tissues. Even if these treatments work in certain 

situations, they might not be accurate enough to target the 

faulty cells directly, which reduces their efficacy and raises 

the risk of consequences. Chemical, antibiotic, and anti-

inflammatory medications are used in the conventional 

treatment of oral disorders; however, these medications 

frequently have adverse side effects that impair the healing 

process or the health of healthy tissues. Even if these 

treatments work in certain situations, they might not be 

accurate enough to target the faulty cells directly, which 
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reduces their efficacy and raises the risk of consequences 

[11, 12]. In this regard, nanoparticles seem like a novel and 

promising way to get around a lot of these restrictions [13]. 

With sizes ranging from 1 to 100 nanometers, 

nanoparticles are incredibly tiny particles that can more 

precisely infiltrate cells and target damaged regions than 

traditional medications [14]. Drug delivery methods based 

on nanoparticles can be characterized as a cutting-edge 

way to increase treatment precision [15]. Tumor-specific 

antibodies, peptides, sugars, hormones, and anticancer 

medications can all be applied to these systems.  These 

nanoparticles have been investigated for their ability to 

specifically target cancer cells and have been successfully 

connected to anticancer chemotherapeutic drugs. These 

nanoparticles are better than traditional medication 

delivery methods because they include nanoscale surface 

receptors that allow chemotherapeutic chemicals to be 

directed to a particular section of the body. By accurately 

identifying and attaching to the target tissues, these 

receptors aid in the exact release of drug molecules, 

protecting healthy cells from the harmful effects of the 

medication. By encasing drugs in a shell of nanoparticles, 

they can also be shielded against deterioration, improving 

therapy efficacy [16-19]. 

Because of their special qualities, magnetic 

nanoparticles—a sophisticated kind of nanoparticle—are 

employed in contemporary medicine. Because of their 

sensitivity to magnetic fields, magnetic particles can be 

accurately guided by external magnetic fields to specific 

locations within the body [20]. In the field of dentistry, 

these magnetic particles can play a vital role in treating 

dental diseases such as oral cancer, as they can be used to 

direct drugs to cancer cells more precisely and destroy 

diseased cells through magnetic heat therapy, without 

affecting the surrounding healthy tissue [21, 22]. A 

significant change in the conventional treatment of oral 

tumors is represented by this capacity to produce heat 

when subjected to magnetic fields, which aids in the 

efficient destruction of oral malignancies. Magnetic iron 

oxide particles, like magnetite, are among the most 

commonly utilized magnetic materials in dentistry [23, 24]. 

Their potent magnetic characteristics make them perfect 

for use in therapeutic and medical research. To enhance 

their performance in a variety of medical applications, 

including targeted heat therapy and medication delivery, 

these particles' size, shape, and surface characteristics can 

be changed. Furthermore, because permanent magnets like 

neodymium iron boron (NdFeB) magnets employ their 

magnetic force to promote tissue growth and tooth 

movement, they have emerged as a significant factor in 

enhancing the outcomes of orthodontic therapy and dental 

implants [25]. 

Although non-magnetic nanoparticles are employed in 

medication delivery and therapy, they do not have the 

exact guidance property that magnetic particles offer, 

despite the fact that magnetic nanoparticles are crucial in 

the treatment of oral and dental disorders. Non-magnetic 

particles cannot be guided precisely to the affected tissue 

by magnetic fields; instead, they rely on the physical and 

chemical characteristics of the material, such as the 

particles' size or surface charge. Compared to magnetic 

particles, these particles are less effective because they may 

have more difficulty precisely locating the target tissue, 

even though they are sometimes effective [26, 27]. 

Focusing on magnetic particles, this paper attempts to 

provide a brief review of the current uses of magnetic 

materials in dentistry in light of these developments. The 

potential of these materials to enhance dental health care 

and improve patient outcomes is investigated by 

examining recent studies and reviews. In addition, it is 

demonstrated how these materials can be used to treat a 

variety of dental conditions, including oral cancer, using 

contemporary technology such as magnetic nanoparticles 

for drug delivery. 

 

2 Magnetic Nanoparticles 
  

Magnetic nanoparticles are multifunctional materials 

with unique properties that make them useful in a variety 

of medical and industrial applications [28-32]. These 

particles have high magnetic properties and 

biocompatibility, making them ideal candidates for use in 

drug delivery systems, medical imaging, and magnetic 

therapy. One of the most common structures of magnetic 

nanoparticles is the spinel, which has the general chemical 

formula AB₂O₄ [33]. In this structure, the “A” cation is 

bound to the tetrahedral sites, while the “B” cation 

occupies the octahedral sites. Spinels are classified into two 

main types based on the arrangement of cations in their 

crystal structure. The first type is the regular spinel, where 

the “A” cations completely occupy the tetrahedral sites, 

such as magnesium-alumina oxide (MgAl₂O₄). The second 

type is the reverse spinel, where the "B" cations are 

distributed between the tetrahedral and octahedral sites, 

while the "A" cations are concentrated in the octahedral 

sites, such as magnetic iron oxide (Fe₃O₄). These types of 

spinels give nanoparticles various magnetic properties that 

improve their efficiency in different applications [33-35]. 

Within the framework of magnetic nanoparticles, ferrites 

stand out as one of the most important magnetic materials 

used. Ferrite is a metal oxide with strong magnetic 

properties and is written in the general formula MFe₂O₄, 

where "M" represents the metal cation such as manganese, 

cobalt, nickel, copper, magnesium, iron, or zinc. 

To enhance the efficiency of these particles, they are 

usually coated with biocompatible materials to improve 

their stability and prevent their agglomeration resulting 

from their large surface area. Common coating materials 

include biopolymers, silica, carbon, or noble metals. The 

coating also helps improve biocompatibility and protects 

the particles from oxidation, making them more effective 

for medical applications [37-39]. 
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In addition, by modifying their surface, magnetic 

nanoparticles are used as drug carriers to load 

pharmaceutical substances onto them. Specific surface 

receptors such as antibodies or sugars are added that help 

target the affected tissues precisely. When drugs are 

loaded onto the surface of the particles, they can be guided 

by external magnetic fields to the target site, where the 

drugs are released gradually or as needed. This method 

enhances the efficiency of treatment and reduces side 

effects on healthy tissues, making magnetic nanoparticles 

an effective tool for drug delivery and targeted therapy 

[40-42]. 

 

3 The Application of Magnetic Nanoparticles 
as Drug Carriers Represents 

 

The application of magnetic nanoparticles as drug 

carriers represents one of the advanced technologies that 

rely on the use of magnetic particles to transport drugs to 

specific sites within the body with high accuracy. This 

system is characterized by its ability to improve the 

accumulation of drugs in the target tissues, destroy the 

affected tissues, and release the drugs when needed, 

making it a valuable tool in nanotherapy. These particles 

can be modified to achieve biocompatibility by attaching 

different active biocomponents to their magnetic cores, 

which are surrounded by a layer of organic polymers or 

inorganic metals, which enhances their effectiveness in 

biomedical applications. The use of magnetic particles 

contributes to reducing the possibility of side effects and 

reducing the drug doses required during treatment, which 

improves the accuracy and effectiveness of drug delivery. 

These particles also have a distinct ability to provide 

medical imaging and controlled drug release properties, 

making them a multifunctional means of treatment. Drug 

delivery agents are often injected into the bloodstream via 

a catheter placed near the intended target, which reduces 

drug doses, reduces side effects, and improves the 

accuracy of drug delivery. In addition, magnetic particles 

can be directed toward the target tissues using an external 

magnetic field, allowing the drug to be directed with great 

accuracy towards the affected tissues [45]. 

When magnetic particles are modified with therapeutic 

agents, they can be directed to treat affected oral tissues, 

such as periodontal tissue or dental roots, using external 

magnetic fields [46]. This system provides a precise and 

less invasive method for treating oral diseases such as 

periodontitis and root canal treatment [47]. In addition to 

their use in conventional treatments, magnetic particles 

represent a promising tool for the treatment of superficial 

tumors, including oral tumors. When combined with 

chemotherapeutic drugs and external magnets, 

superconducting magnetic nanocarriers have shown the 

ability to enhance the antitumor effect, opening up new 

horizons in the treatment of oral cancers. In the clinical 

context, the precise targeting of magnetic particles is one of 

the most important advantages of this technology, as these 

particles can be coated with antibodies or biological 

compounds directed to target specific cells such as cancer 

cells [48]. Thanks to their nano-sized size, these particles 

can penetrate microcapillaries and be easily absorbed by 

the target cells, contributing to the accumulation of the 

drug at the desired site. The use of biodegradable 

nanoparticles also allows for sustained release of the drug 

over a long period of time, allowing for higher therapeutic 

efficacy with fewer side effects [47, 48]. 

Robert Bucki et al. [49], fabricated amino silicone-coated 

magnetic nanoparticles (MNP@CHX) to combat oral 

infections, especially those based on biofilm, such as dental 

plaque, periodontal and oral pathology. They synthesized 

magnetic nanoparticles using a modified Massart method 

to form an iron oxide core and then coated them with 

suitable materials such as alkylamine to prepare the core-

shell structure. Chlorhexidine was loaded onto the surface 

of the nanoparticles by reacting the amino group of the 

particles with the chloride group of chlorhexidine. 

Chlorhexidine-loaded nanoparticles exhibited significantly 

higher antibacterial and antifungal activity than free 

chlorhexidine in the presence of human saliva. The study 

also showed that chlorhexidine bound to the nanoparticles 

increased the ability to reduce the growth of multi-species 

biofilm compared to free chlorhexidine. In addition, the 

researchers showed that treatment with MNP@CHX 

induced mitochondrial depolarization in fungal cells, 

suggesting that oxidative stress may be part of the 

pathogen elimination mechanism. Notably, chlorhexidine-

loaded nanoparticles did not affect host cell proliferation or 

their ability to secrete the pro-inflammatory cytokine IL-8, 

reflecting their biocompatibility. This study also 

demonstrated that the use of MNPs as a carrier for 

chlorhexidine could represent a promising approach for the 

development of antibacterial systems in dental 

applications. 

Radi Masri et al. [50], developed an innovative method 

based on the use of magnetically guided iron nanoparticles 

to deliver therapeutics to the dental pulp. These particles 

penetrate through the natural channels in the dentin to 

reach the dental pulp, reducing inflammation and 

improving the ability of adhesives to adhere to the dentin. 

The researchers used chitosan-coated nanoparticles because 

of their high drug-loading capacity such as steroids (e.g. 

prednisolone) and the excellent biocompatibility they have 

shown in clinical studies. The results showed that this 

method significantly reduced the expression of 

inflammatory cytokines prevented the exacerbation of 

pulpal inflammation, and improved the penetration of 

adhesives into the dentin, which enhanced the adhesion 

strength of composite fillings. This method is painless and 

less expensive compared to current treatment options, with 

great potential for clinical application. 
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Hockin H.K. Xu et al. [51] conducted a comprehensive 

study to develop a novel dental adhesive containing 

supersensitive magnetic nanoparticles (SPIONs) guided by 

a magnetic field to improve the bond strength to dentin. 

This study aims to address the poor penetration of 

conventional adhesives to dentin, which leads to reduced 

lifespan of composite fillings. The results showed that the 

adhesive containing 0.07 wt% SPIONs, when guided by a 

magnetic field, achieved a significant increase in bond 

strength, outperforming the decrease caused by simulated 

hydrostatic pulp pressure. Tests demonstrated that the use 

of a magnetic field during the bonding process enhanced 

the adhesive's ability to penetrate dentin without affecting 

its physical and chemical properties. In addition, the new 

adhesive showed high biocompatibility and antibacterial 

effect, making it a promising option for improving the 

quality and sustainability of fillings. This technology is 

based on the real-time movement of magnetic 

nanoparticles, which opens up new prospects for 

improving the lifespan of composite fillings and enhancing 

the bond strength to dentin. 

In the study conducted by Fang Lan et al. [52], a novel 

magnetic nanomaterial (Fe3O4@SiO2@DMADDM) as 

shown in Figure 1 was developed with antibacterial 

properties and is effective in controlling plaque and 

preventing dental caries. The chemical dimethylamino 

dodecyl methacrylate (DMADDM) was incorporated into 

these nanoparticles, and its biofilm inhibition effect was 

evaluated using models of conventional dental caries 

bacteria and models of saliva-extracted colonies. Results of 

FTIR, TGA, XRD, VSM, SEM, and TEM techniques 

demonstrated the successful loading of DMADDM onto 

the nanoparticles. Experiments demonstrated that the 

optimum concentration of nanoparticles 

(Fe3O4@SiO2@DMADDM) of 8 mg/mL significantly 

reduced the biofilm of Streptococcus mutans and inhibited 

its lactic acid production. 16S rRNA sequencing showed 

that this material reduced the proportion of bacteria 

associated with dental caries in saliva-extracted biofilms, 

such as Streptococcus, Veillonella, and Neisseria while 

promoting the presence of beneficial bacteria such as 

Lactobacillus and Lactococcus at high concentrations. The 

results indicated that Fe3O4@SiO2@DMADDM was able to 

mechanically remove biofilms using a magnetic field, in 

addition to inhibiting acid production by the positive 

effect of DMADDM. Moreover, the experiments 

demonstrated that this material had a concentration-

dependent antibacterial effect, showing high performance 

in inhibiting biofilms and eliminating bacteria without 

causing significant toxic effects on human cells. Its effect 

was studied using a saliva-extracted biofilm model and a 

single-bacteria model, providing evidence for its ability to 

improve the stability of the oral microenvironment. The 

study suggests that Fe3O4@SiO2@DMADDM could be used 

to manufacture anti-caries or dental cavity disinfectants. 

In the study conducted by Joanna Mystkowska et al. 

[53], the effect of gold- and amino silane-coated magnetic 

core-shell nanoparticles (MNPs) as shown in Figure 2 on 

the antibacterial activity (adhesion of microorganisms, 

biofilm formation), rheological properties (viscosity, 

viscoelasticity), and physicochemical properties (pH, 

surface tension, electrical conductivity) of three 

commercially available artificial saliva formulations was 

evaluated. When the nanoparticles were added at a 

concentration of 20 μg/ml, the results showed an increase 

in the antibacterial activity of the artificial saliva against the 

tested microorganisms by 20% to 50%. The adhesion of 

bacterial and fungal cells (Gram-positive bacterial and 

fungal cells) was reduced by up to 65%, and of Gram-

negative bacterial cells by 45%, especially when gold-

coated nanoparticles were used. The addition of 

nanoparticles showed an enhancement in the antibacterial 

properties of the artificial saliva without affecting its 

rheological or physicochemical properties, which remained 

within the ranges of natural saliva taken from healthy 

subjects. In the first part of the biological tests, the ability of 

commercially available artificial saliva formulations to 

inhibit the proliferation of selected oral pathogens was 

evaluated. The results showed that formulation B was the 

most effective in reducing the proliferation of 

microorganisms, especially for the bacteria P. aeruginosa 

and the fungus C. tropicalis where the proliferation was 

rated at 30% compared to the control group, while 50% 

inhibition was observed after treatment of the bacteria S. 

aureus, E. coli and the fungus C. albicans with formulation 

B. In the next step, the protective activity of the artificial 

formulations against biofilm formation was evaluated, 

where formulation B showed the best inhibitory properties 

against biofilm formation. For the bacteria S. mutans, a 75% 

reduction in biofilm biomass was observed when formula B 

was used, compared to 50% in the case of formulas A and 

C. The effect of these formulations on the viability of cells 

embedded in the biofilm matrix was also evaluated, with 

formula B showing the only inhibitory activity against all 

tested oral pathogens. The study showed that the 

components of these synthetic formulations contain 

components with antibacterial properties, such as 

hydroxyethylcellulose and yerba santa extract, which may 

form a natural protective layer on mucosal surfaces, 

preventing the colonization of microorganisms. Also, other 

components such as sorbitol, lemon oil, enzymes, and 

fluoride ions, contributed to the control of microorganisms 

and the prevention of the growth of harmful flora. This 

study indicates that formula B, which is based on sorbitol, 

hydroxyethylcellulose, and the enzyme system, has the best 

antibacterial activity, confirming previous reports that 

these enzymes have been successfully used as antibacterial 

agents. To increase the effectiveness of the tested 

formulations and prevent the adhesion of microorganisms, 

the content of the preparation was modified by adding 

core-shell magnetic nanoparticles at a concentration of 20 

μg/ml.  
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Fig. 1. The preparation of Fe3O4@SiO2@DMADDM. 

 

Fig. 2. Synthesis and structure of gold-coated magnetic nanoparticles (MNP@Au) with a terminal amine group 

(MNP@NH2) affixed to their surface. 

 

These nanoparticles have clearly defined physical and 

chemical properties and have proven antibacterial activity. 

According to the published literature, the mechanism of 

action of magnetic nanoparticles involved in the 

interaction with microorganisms includes the generation 

of oxidative stress via the formation of reactive oxygen 

species (ROS), as well as interference with electron transfer 

in the oxidation of NADH. The nanoparticles also have the 

ability to disrupt the membrane of microorganisms via the 

formation of pores or through the cellular uptake 

mechanism. 

In a study by Hockin H.K. Xu et al. [54], an adhesive 

containing magnetic nanoparticles was developed that 

could be controlled by magnetic forces to deliver drugs to 

the pulp and improve the penetration of the adhesive into 

the enamel. However, it did not have antibacterial 

properties or remineralization capabilities. The objectives 

of this study were to (1) develop an adhesive containing 

magnetic nanoparticles with dimethylaminohexadecyl 

methacrylate (DMAHDM), amorphous calcium phosphate 

(NACP) nanoparticles, and magnetic nanoparticles (MNP); 

and (2) investigate the effects of this adhesive on the bond 

strength to dentin, the secretion of calcium (Ca) and 

phosphate (P) ions, and the anti-biofilm properties. MNP, 

DMAHDM, and NACP were mixed in Scotchbond SBMP 

adhesive at 2%, 5%, and 20%, respectively. Two types of 

magnetic nanoparticles were used: acrylate-modified iron 

nanoparticles (AINPs) and iron oxide nanoparticles 

(IONPs). Each type of particle was added to the resin at 1% 

by mass. Magnetic forces were applied for 3 min using a 

commercially available cube magnet, and the shear bond 

strength of the dentin was measured. Streptococcus 

mutans* biofilms were cultured on the resin, and metabolic 

activity, lactic acid, and colony-forming units (CFU) were 

determined. Calcium and phosphate ion (Ca and P) 

concentrations and pH of the biofilm culture medium were 

also measured. The results showed that the adhesive 

containing magnetic nanoparticles and enhanced with 

magnetic force increased the shear bond strength of the 

dentin by 59% compared to the SBMP control (p < 0.05). 

The addition of DMAHDM and NACP did not negatively 

affect the bond strength of the dentin (p > 0.05). The 

addition of magnetic nanoparticles + DMAHDM + NACP 

reduced the colonies of S. mutans in biofilms by 4 logs. The 

adhesive containing NACP also transformed the biofilm 

medium into a reservoir of calcium and phosphate ions. 

The pH of the biofilm culture medium in the adhesive 

containing magnetic nanoparticles with NACP was safe at 
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6.9, while the pH of the biofilm medium in the commercial 

adhesive was 4.5, which promotes caries formation. The 

study shows that the adhesive containing magnetic 

nanoparticles with DMAHDM and NACP under the 

influence of magnetic force significantly increased the 

bond strength with dentin compared to the commercial 

control. This new adhesive also reduced the colonies of S. 

mutans in biofilms by 4 logs and increased the pH of 

biofilms from a cariogenic acidic value (4.5) to 6.9, making 

it promising in enhancing resin-tooth bonding, 

strengthening tooth structures, and inhibiting secondary 

caries at the edges of restorations. 

In a study by Jahanfar Jahanbani et al. [55], the effect of 

magnetic iron oxide nanoparticles (SPIONs) on 

mitochondria in oral squamous cell carcinoma (OSCC) 

cells was investigated and their potential use as a 

treatment for this type of cancer. The results showed that 

SPIONs caused a significant increase in the level of 

reactive oxygen species (ROS) in OSCC mitochondria 

compared to normal mitochondria. This increase in ROS 

was due to the disruption of the electron transport chain, 

which led to a decrease in the activity of the enzyme 

succinate dehydrogenase (SDH) in OSCC mitochondria. 

The subsequent effects of the magnetic nanoparticles were 

monitored, and the researchers observed a collapse in the 

mitochondrial membrane potential (MMP) and 

mitochondrial swelling in OSCC cells, which did not occur 

in normal mitochondria. The nanoparticles also led to the 

release of cytochrome C from mitochondria into the 

cytosol, which enhances the apoptotic signal (cell suicide) 

through activation of the caspase-3 cascade. Furthermore, 

cell viability decreased and lipid peroxidation state (LPO) 

levels increased in OSCC cells, suggesting that magnetic 

nanoparticles induce oxidative stress in cancer cells. These 

changes, which include increased ROS, mitochondrial 

membrane breakdown, cytochrome C release, and 

increased caspase-3 activity, suggest selective toxic effects 

on OSCC mitochondria only, making magnetic 

nanoparticles (SPIONs) a promising candidate as a 

potential treatment for oral squamous cell carcinoma 

(OSCC). The study concluded that magnetic nanoparticles 

may be promising candidates for the treatment of oral 

squamous cell carcinoma. 

In a study conducted by Jalal Pourahmad et al. [56], the 

effect of magnetic iron oxide nanoparticles (SPIONs) on 

mitochondria isolated from oral tongue squamous cell 

carcinoma (OTSCC) cells was investigated. The study 

aimed to evaluate the cytotoxicity of these nanoparticles 

using mitochondrial assays. Mitochondria were isolated 

from cancer tissues and control tongue squamous cell 

carcinoma cells of male Wistar rats (6 or 8 weeks old) and 

exposed to different concentrations of SPIONs (30, 60, 120 

nM). The results showed an increase in the production of 

reactive oxygen species (ROS) as the main mechanism of 

the effect of SPIONs, followed by a collapse of the 

mitochondrial membrane potential, release of cytochrome 

C from mitochondria, and mitochondrial swelling in 

mitochondria isolated from OTSCC cells. The results also 

showed that exposure to SPIONs reduced the activity of the 

enzyme succinate dehydrogenase complex II in 

mitochondria isolated from oral tongue cancer cells. These 

effects were selectively toxic to the mitochondria of OTSCC 

cells without significant effect on mitochondria from 

normal tissues. Based on the results, the researchers 

concluded that SPIONs may be a promising therapeutic 

candidate for the treatment of oral tongue squamous cell 

carcinoma (OTSCC). 

In a study by Dianbao Zhang et al. [57], a novel 

therapeutic strategy was developed using 

polyethyleneimine (PEI)-modified magnetic iron oxide 

(Fe₃O₄) nanoparticles to deliver inhibitory small RNAs 

(siRNAs) targeting BCL2 and BIRC5 genes into oral cancer 

cells (Ca9-22). The PEI-enhanced nanoparticles were 

prepared and their properties were tested using 

transmission electron microscopy (TEM), scanning electron 

microscopy (SEM), dynamic light scattering (DLS), and 

vibrating sample magnetometer (VSM). The results showed 

that the nanoparticles were able to inhibit siRNA in a 

concentration-dependent manner, and the high cell uptake 

capacity of the nanoparticles/siRNA was found under the 

influence of a magnetic field, using Pearl's blue dye and 

FAM labeling. The efficacy of siRNA delivery was verified 

by techniques such as quantitative PCR and Western blot 

analysis, which showed high efficiency in suppressing the 

target genes BCL2 and BIRC5 at the mRNA and protein 

levels. The results also showed that siRNA delivery using 

nanoparticles significantly reduced the survival and 

migration ability of Ca9-22 cells, reflecting an anti-cancer 

effect. By creating a magnetic field during the transport 

process, the superparamagnetic feature of the nanoparticles 

was used to increase the delivery efficiency, making the 

system more effective than conventional delivery methods 

like Lipofectamine 3000. According to the findings, 

polyethyleneimine-modified nanoparticles have a wide 

range of potential uses in the treatment of cancer and other 

illnesses as an efficient siRNA delivery system. 

 

4 Conclusion 
 

In conclusion, because of their distinct physicochemical 

characteristics, capacity to precisely target cells, and 

decreased systemic toxicity of medicinal chemicals, 

magnetic nanoparticles (MNPs) have great promise as a 

tool in both dental and pharmaceutical therapy. Their 

effectiveness against bacteria resistant to traditional 

antibiotics highlights the significance of this technology in 

the fight against infections, and their use in drug delivery 

for the treatment and prevention of dental diseases like 

caries, periodontal infections, and root canal therapy is a 

revolution in conventional treatment. Additionally, the 

application of magnetic nanoparticles helps to improve the 

transparency and corrosion resistance of dental materials, 
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which improves both the functional and aesthetic elements 

of cosmetic dentistry. A promising alternative in the near 

future, magnetic nanoparticles continue to show their 

capacity to enhance treatment outcomes as a result of 

growing research and studies in this area. To assess their 

safety and biocompatibility in clinical settings, more 

research is necessary. 

 

Conflict of Interest: The authors declare no conflict of 
interest. 
Financing: The study was performed without external 
funding. 
Ethical consideration: The study was approved by Al-
Qadisiyah University, Al-Diwaniya, Iraq. 
 

REFERENCES 
[1] Duangthip D, Chu CH. Challenges in oral 

hygiene and oral health policy. Front Oral 
Health. 2020;1:575428. doi:10.3389/froh.2020. 

[2] Mejia-Lancheros C, Lachaud J, Nisenbaum R, 
Wang A, Stergiopoulos V, Hwang SW, et al. 
Dental problems and chronic diseases in 
mentally ill homeless adults: a cross-sectional 
study. BMC Public Health. 2020;20:419. 
doi:10.1186/s12889-020-08499-7. 

[3] Yadav V, Kumar V, Sharma S, Chawla A, 
Logani A. Palliative dental care: Ignored 
dimension of dentistry amidst COVID‐19 
pandemic. Spec Care Dent. 2020;40(6):613-5. 
doi:10.1111/scd.12517. 

[4] Choi J, Price J, Ryder S, Siskind D, Solmi M, 
Kisely S. Prevalence of dental disorders among 
people with mental illness: An umbrella review. 
Aust N Z J Psychiatry. 2022;56(8):949-63. 
doi:10.1177/00048674211042239. 

[5] Joury E, Kisely S, Watt RG, Ahmed N, Morris A, 
Fortune F, et al. Mental disorders and oral 
diseases: future research directions. J Dent Res. 
2023;102(1):5-12. doi:0.1177/00220345221120510. 

[6] Colonia-Garcia A, Gutierrez-Velez M, Duque-
Duque A, de Andrade CR. Possible association 
of periodontal disease with oral cancer and oral 
potentially malignant disorders: a systematic 
review. Acta Odontol Scand. 2020;78(7):553-9. 
doi:10.1080/00016357.2020.1774076. 

[7] Komlós G, Csurgay K, Horváth F, Pelyhe L, 
Németh Z. Periodontitis as a risk for oral cancer: 
a case–control study. BMC Oral Health. 
2021;21:640. doi:10.1186/s12903-021-01998-y. 

[8] Farhad SZ, Karbalaeihasanesfahani A, Dadgar 
E, Nasiri K, Esfahaniani M, Nabi Afjadi M. The 
role of periodontitis in cancer development, 
with a focus on oral cancers. Mol Biol Rep. 
2024;51:814. doi:10.1007/s11033-024-09737-6. 

[9] Li T-J, Hao Y-h, Tang Y-l, Liang X-h. 
Periodontal pathogens: a crucial link between 
periodontal diseases and oral cancer. Front 
Microbiol. 2022;13:919633. 

doi:10.3389/fmicb.2022. 
[10] Kumari P, Debta P, Dixit A. Oral potentially 

malignant disorders: etiology, pathogenesis, and 
transformation into oral cancer. Front Pharmacol. 
2022;13:825266. doi:10.3389/fphar.2022. 

[11] Singgih MF, Achmad H, Sukmana BI, Carmelita 
AB, Putra AP, Ramadhany S, et al. A review of 
nonsteroidal anti-inflammatory drugs (NSAIDs) 
medications in dentistry: uses and side effects. 
Syst Rev Pharm. 2020;11(5):293-8. 
doi:10.5530/srp.2019.2.04. 

[12] Ali R, Murad AH, Zeena A. Probiotic 
Supplementation: A Promising Preventive 
Strategy for Dental Caries. Future Dent Res. 
2024;2(1):19-30. 
doi:10.57238/fdr.2024.152576.1007.  

[13] Ali R, Alwan AH. Titanium Dioxide 
Nanoparticles in Dentistry: Multifaceted 
Applications and Innovations. Future Dent Res. 
2023;1(1):12-25. 
doi:10.57238/fdr.2023.144821.1001. 

[14] Wong C, Stylianopoulos T, Cui J, Martin J, 
Chauhan VP, Jiang W, et al. Multistage 
nanoparticle delivery system for deep 
penetration into tumor tissue. Proc Nat Acad Sci. 
2011;108(6):2426-31. 
doi:10.1073/pnas.1018382108 

[15] Vikal A, Maurya R, Bhowmik S, Patel P, Gupta 
GD, Kurmi BD. From conventional to cutting-
edge: a comprehensive review on drug delivery 
systems. Drug Deliv Lett. 2024;14(3):226-43. 
doi:10.2174/0122103031304556240430161553. 

[16] Jain PK, El-Sayed IH, El-Sayed MA. Au 
nanoparticles target cancer. Nanotoday. 
2007;2(1):18-29. doi:10.1016/S748-0132(07)70016-
6. 

[17] Raj S, Khurana S, Choudhari R, Kesari KK, 
Kamal MA, Garg N, et al. Specific targeting 
cancer cells with nanoparticles and drug delivery 
in cancer therapy. Semin Cancer Biol. 2021;69:166-
77. doi:10.1016/j.semcancer.2019.11.002. 

[18] Bahrami B, Hojjat-Farsangi M, Mohammadi H, 
Anvari E, Ghalamfarsa G, Yousefi M, et al. 
Nanoparticles and targeted drug delivery in 
cancer therapy. Immunol Lett. 2017;190:64-83. 
doi:10.1016/j.imlet.2017.07.015. 

[19] Gupta N, Malviya R. Understanding and 
advancement in gold nanoparticle targeted 
photothermal therapy of cancer. Biochim Biophys 
Acta Rev Cancer. 2021;1875(2):188532. 
doi:10.1016/j.bbcan.2021. 

[20] Senthilkumar N, Sharma PK, Sood N, Bhalla N. 
Designing magnetic nanoparticles for in vivo 
applications and understanding their fate inside 
human body. Coordin Chem Rev. 2021;445:214082. 
doi:10.1016/j.ccr.2021. 

[21] Pop D, Buzatu R, Moacă E-A, Watz CG, Cîntă 
Pînzaru S, Barbu Tudoran L, et al. Development 
and characterization of Fe3O4@ Carbon 



57 

Z. F. AL Sultani et al. / Future Dental Research (FDR) Vol. 2 No. 02, (December 2024)  

 

nanoparticles and their biological screening 
related to oral administration. Materials. 
2021;14(13):3556. doi:10.390/ma14133556. 

[22] Vyas K, Rathod M, Patel MM. Insight on nano 
drug delivery systems with targeted therapy in 
treatment of oral cancer. Nanomed Nanotechnol 
Biol Med. 2023;49:102662. doi:10.1016/j.nano.202. 

[23] Ghorbanizadeh S, Karami F, Delfani S, 
Shakibaie M, Razlansari A, Rezaei F. 
Antibacterial effects and cellular mechanisms of 
iron oxide magnetic nanoparticles coated by 
piroctone olamine against some cariogenic 
bacteria. Ann Med Surg. 2022;81. 
doi:10.1016/j.amsu.2022.104291. 

[24] Crăciunescu I, Ispas GM, Ciorîța A, Leoștean C, 
Illés E, Turcu RP. Novel magnetic composite 
materials for dental structure restoration 
application. Nanomaterials. 2023;13(7):1215. 
doi:10.3390/nano13071215. 

[25] Cho S, Shon MJ, Son B, Eun GS, Yoon T-Y, Park 
TH. Tension exerted on cells by magnetic 
nanoparticles regulates differentiation of human 
mesenchymal stem cells. Biomater Adv. 
2022;139:213028. doi:10.1016/j.bioadv.2022. 

[26] Yusuf A, Almotairy ARZ, Henidi H, Alshehri 
OY, Aldughaim MS. Nanoparticles as drug 
delivery systems: a review of the implication of 
nanoparticles’ physicochemical properties on 
responses in biological systems. Polymers. 
2023;15(7):1596. doi:10.3390/polym15071596. 

[27] Liu R, Luo C, Pang Z, Zhang J, Ruan S, Wu M, 
et al. Advances of nanoparticles as drug 
delivery systems for disease diagnosis and 
treatment. Chin Chem Lett. 2023;34(2):107518. 
doi:10.1016/j.cclet.2022.05.032. 

[28] Mourdikoudis S, Kostopoulou A, LaGrow AP. 
Magnetic nanoparticle composites: synergistic 
effects and applications. Adv Sci. 
2021;8(12):2004951. doi:10.1002/advs.202004951. 

[29] Tran H-V, Ngo NM, Medhi R, Srinoi P, Liu T, 
Rittikulsittichai S, et al. Multifunctional iron 
oxide magnetic nanoparticles for biomedical 
applications: a review. Materials. 2022;15(2):503. 
doi:10.3390/ma15020503. 

[30] Zhang C, Li X, Jiang L, Tang D, Xu H, Zhao P, et 
al. 3D printing of functional magnetic materials: 
From design to applications. Adv Funct Mater. 
2021;31(34):2102777. 
doi:10.1002/adfm.202102777. 

[31] Chouhan RS, Horvat M, Ahmed J, Alhokbany 
N, Alshehri SM, Gandhi S. Magnetic 
nanoparticles—A multifunctional potential 
agent for diagnosis and therapy. Cancers. 
2021;13(9):2213. doi:10.3390/cancers13092213. 

[32] Vasić K, Knez Ž, Leitgeb M. Multifunctional 
Iron Oxide Nanoparticles as Promising 
Magnetic Biomaterials in Drug Delivery: A 
Review. J Funct Biomater. 2024;15(8):227. 
doi:10.3390/jfb15080227. 

[33] Al-Abayechi MMH, Al-nayili A, Balakit AA. 
Montmorillonite clay modified by CuFe2O4 
nanoparticles, an efficient heterogeneous catalyst 
for the solvent-free microwave-assisted synthesis 
of 1,3-thiazolidin-4-ones. Res Chem Intermed. 
2024;50(4):1541-56. doi:10.007/s11164-024-05231-
7. 

[34] Narang SB, Pubby K. Nickel Spinel Ferrites: A 
review. J Magn Magn Mater. 2021;519:167163. 
doi:10.1016/j.jmmm.2020. 

[35] Kocevski V, Pilania G, Uberuaga BP. High-
throughput investigation of the formation of 
double spinels. J Mater Chem A. 2020;8(48):25756-
67. doi:10.1039/D0TA09200B. 

[36] Mariappan K, Alagarsamy S, Chen T-W, Chen S-
M, Sakthinathan S, Chiu T-W, et al. Cubic 
structured zinc ferrite methodically incorporated 
into porous graphene sheets as a selective 
Electrocatalyst for electrochemical detection of 
Carbendazim. Food Chem. 2024;461:140892. 
doi:10.1016/j.foodchem.2024. 

[37] Stueber DD, Villanova J, Aponte I, Xiao Z, Colvin 
VL. Magnetic Nanoparticles in Biology and 
Medicine: Past, Present, and Future Trends. 
Pharmaceutics. 2021;13(7):943. 
doi:10.3390/pharmaceutics13070943. 

[38] Materón EM, Miyazaki CM, Carr O, Joshi N, 
Picciani PHS, Dalmaschio CJ, et al. Magnetic 
nanoparticles in biomedical applications: A 
review. Appl Surf Sci Adv. 2021;6:100163. 
doi:10.1016/j.apsadv.2021. 

[39] Chaudhuri A, Rakshit R, Serita K, Tonouchi M, 
Mandal K. Electromagnetic Response of 
SiO₂@Fe₃O₄ Core–Shell Nanostructures in the 
THz Regime. IEEE Trans Magn. 2021;57(5). 
doi:10.1109/TMAG.2021.3056575. 

[40] Wang X, Du Y, Jing W, Cao C, Wu X, Yang K, et 
al. Fluorescent identification of 
immunomagnetically captured CTCs using 
triplex-aptamer-targeted dendritic SiO2@Fe3O4 
nanocomposite. Microchim Acta. 2024;191(7):424. 
doi:10.1007/s00604-024-6504-z. 

[41] Yazdizadeh S, Ebrahimipour SY, Fatemi SJ, 
Khaleghi M, Ramezanpour S. Mesoporous 
Fe3O4@SiO2@La nanocomposite for efficient 
methylene blue removal from wastewater. J Mol 
Struct. 2025;1322:140337. 
doi:10.1016/j.molstruc.2024. 

[42] Hosseini V, Ghoreishi Mokri SM, Viktorovna K. 
Targeted Drug Delivery through the Synthesis of 
Magnetite Nanoparticle by Co-Precipitation 
Method and Creating a Silica Coating on it. Int J 
Innov Sci Res Technol. 2024;9(4):113-8. 
doi:10.38124/ijisrt/IJISRT24APR201. 

[43] Pham TM, Mai PMT, Le TMH, Phan VP. Study 
on preparation of Fe₃O₄@lapatinib nanoparticles 
for application as a targeted drug delivery 
system in the treatment of breast cancer. Nucl Sci 
Technol. 2024;13(1):10-8. doi:.53747/nst.v13i1.410. 



58 

Z. F. AL Sultani et al. / Future Dental Research (FDR) Vol. 2 No. 02, (December 2024)  

 

[44] Hosseini V, Mokri MSG, hafezghoran DK, 
Bahareh , Anashkina AA, Yazykova AB. 
Preparation and Identification of Magnetic Iron 
Nanoparticle based on a Natural Hydrogel and 
its Performance in Targeted Drug Delivery. Int J 
Innov Sci Res Technol. 2024;9(5):704-20. 
doi:10.38124/ijisrt/IJISRT24MAY1088. 

[45] Schumacher ML, Britos TN, Fonseca FLA, 
Ferreira FF, Feder D, Fratini P, et al. 
Superparamagnetic nanoparticles as potential 
drug delivery systems for the treatment of 
Duchenne muscular dystrophy. Nanoscale. 2025. 
doi:10.1039/D4NR03407D. 

[46] Russo T, Peluso V, Fucile P, De Santis R, Gloria 
A. Magnetism in Dentistry: Review and Future 
Perspectives. Appl Sci. 2022;12(1):95. 
doi:10.3390/app12010095. 

[47] Muddin NAI, Badsha MM, Arafath MA, 
Merican ZMA, Hossain MS. Magnetic chitosan 
nanoparticles as a potential bio-sorbent for the 
removal of Cr(VI) from wastewater: Synthesis, 
environmental impact and challenges. Desalin 
Water Treat. 2024;319:100449. 
doi:10.1016/j.dwt.2024. 

[48] Jafari N, Mohammadpourfard M, Hamishehkar 
H. A comprehensive study on doxorubicin-
loaded aspartic acid-coated magnetic Fe3O4 
nanoparticles: Synthesis, characterization and in 
vitro anticancer investigations. J Drug Deliv Sci 
Technol. 2024;100:106133. 
doi:10.1016/j.jddst.2024. 

[49] Tokajuk G, Niemirowicz K, Deptuła P, Piktel E, 
Cieśluk M, Wilczewska AZ, et al. Use of 
magnetic nanoparticles as a drug delivery 
system to improve chlorhexidine antimicrobial 
activity. Int J Nanomed. 2017;12:7833-46. 
doi:10.2147/IJN.S140661. 

[50] Ji Y, Choi SK, Sultan AS, Chuncai K, Lin X, 
Dashtimoghadam E, et al. Nanomagnetic-
mediated drug delivery for the treatment of 
dental disease. Nanomed Nanotechnol Biol Med. 
2018;14(3):919-27. 
doi:10.1016/j.nano.2018.01.013. 

[51] Garcia IM, Balhaddad AA, Lan Y, Simionato A, 

Ibrahim MS, Weir MD, et al. Magnetic motion of 
superparamagnetic iron oxide nanoparticles- 
loaded dental adhesives: 
physicochemical/biological properties, and 
dentin bonding performance studied through the 
tooth pulpal pressure model. Acta Biomater. 
2021;134:337-47. doi:10.1016/j.actbio.2021.07.031. 

[52] Chen Y, Li Z, Wei Y, Guo X, Li M, Xia Y, et al. 
Effects of a Novel Magnetic Nanomaterial on 
Oral Biofilms. Int Dent J. 2024 (in press). 
doi:10.1016/j.identj.2024.07.1219. 

[53] Niemirowicz-Laskowska K, Mystkowska J, Łysik 
D, Chmielewska S, Tokajuk G, Misztalewska-
Turkowicz I, et al. Antimicrobial and 
Physicochemical Properties of Artificial Saliva 
Formulations Supplemented with Core-Shell 
Magnetic Nanoparticles. Int J Mol Sci. 
2020;21(6):1979. doi:10.3390/ijms21061979. 

[54] Li Y, Hu X, Xia Y, Ji Y, Ruan J, Weir MD, et al. 
Novel magnetic nanoparticle-containing 
adhesive with greater dentin bond strength and 
antibacterial and remineralizing capabilities. 
Dent Mater. 2018;34(9):1310-22. 
doi:10.016/j.dental.2018.06.001. 

[55] Afrasiabi M, Seydi E, Rahimi S, Tahmasebi G, 
Jahanbani J, Pourahmad J. The selective toxicity 
of superparamagnetic iron oxide nanoparticles 
(SPIONs) on oral squamous cell carcinoma 
(OSCC) by targeting their mitochondria. J 
Biochem Mol Toxicol 2021;35(6):e22769. 
doi:10.1002/jbt. 

[56] Jahanbani J, Ghotbi M, Shahsavari F, Seydi E, 
Rahimi S, Pourahmad J. Selective anticancer 
activity of superparamagnetic iron oxide 
nanoparticles (SPIONs) against oral tongue 
cancer using in vitro methods: The key role of 
oxidative stress on cancerous mitochondria. J 
Biochem Mol Toxicol. 2020;34(10):e22557. 
doi:10.1002/jbt. 

[57] Jin L, Wang Q, Chen J, Wang Z, Xin H, Zhang D. 
Efficient Delivery of Therapeutic siRNA by 
Fe3O4 Magnetic Nanoparticles into Oral Cancer 
Cells. Pharmaceutics. 2019;11(11):615. 
doi:10.3390/pharmaceutics11110615. 

       

 

How to cite this article 

AL Sultani Z.F.; Ali R.; Al-Delfi M.N.; Magnetic Nanoparticles in the Treatment of Dental and Oral Diseases: A 
Brief Review of Their Use as Drug Carriers. Future Dental Research (FDR). 2024;2(2):50-58. doi: 
10.57238/fdr.2024.152576.1013 


