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Abstract 
Objective: This study aimed to investigate the antimicrobial effects and retentive strength of glass ionomer cement 

(GIC) containing cerium oxide nanoparticles (NPs) when used for cementing orthodontic bands, as well as to evaluate 

the cytotoxicity of these nanoparticles. 
Methods : Cerium oxide nanoparticles (NPs) were incorporated into glass ionomer cement (GIC) at concentrations of 

1%, 2%, and 4%. Disc-shaped specimens were prepared for each concentration, along with a control group without 
nanoparticles. Antibacterial activity was evaluated against Streptococcus mutans using the direct contact test. The 
lowest concentration of cerium oxide NPs that thoroughly eliminated bacterial growth was identified and then 

compared with the control group in the retentive strength test. In addition, cytotoxicity of cerium oxide NPs was 
assessed on gingival fibroblast cells using the MTT assay. The difference in retentive strength between the two groups 
was evaluated using an independent samples t-test at the significance level of P<0.05.  

Results : The direct contact test showed that a 1 wt% concentration of cerium oxide NPs was sufficient to eliminate all 

Streptococcus mutans. Incorporating 1 wt% cerium oxide into GIC did not significantly affect its retentive strength  

(P=0.31). Cytotoxicity testing indicated that cerium oxide NPs have relatively low toxicity, with an IC₅₀ (half maximal 
inhibitory concentration) value of 1000 μg/mL. 

Conclusions : GIC containing 1 wt% cerium oxide NPs demonstrated significant antibacterial activity against 

Streptococcus mutans, maintained acceptable retentive strength, and exhibited relatively low cytotoxicity. 
 

Keywords :  Anti-bacterial agents, Cerium, Glass ionomer cements, Nanoparticles, Orthodontic appliances, 

Streptococcus mutans 

Introduction 

Fixed orthodontic treatment plays an important role in 

achieving proper tooth alignment and improving both 

dental esthetics and the function of the masticatory 

system (1). However, fixed appliances can increase 

dental plaque accumulation because the rough surfaces 

of brackets, bands, and wires interfere with natural self-

cleaning mechanisms and make effective tooth brushing 

more difficult (2-4).  
To reduce the risk of caries during orthodontic 

treatment, primary preventive measures such as 

maintaining good oral hygiene and limiting sugar intake 

are recommended, along with secondary approaches 

such as fluoride application. However, these preventive 

measures are often unreliable because they rely heavily 

on patient compliance (5). An alternative approach is to 

incorporate antibacterial nanoparticles into composite 

resins, adhesives, or cement to provide antimicrobial 

effects (6, 7). 

Orthodontic bands are typically placed on molars and 

remain cemented in position throughout treatment (8). 

White spot lesions resulting from decalcification are 

frequently observed around banded teeth after 

completion of orthodontic treatment. These lesions are 

attributed to an increased number of plaque-retentive 

areas and reduced efficiency of mechanical plaque 

removal following band placement (9, 10). Another 
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important factor that can promote caries is 

microleakage at the interface between the tooth, 

cement, and band. Microleakage allows bacteria and 

oral fluids to penetrate beneath the band, increasing the 

risk of enamel demineralization and white spot lesion 

formation (11). Therefore, orthodontic band cements 

should provide a good seal, reduce plaque 

accumulation, and maintain adequate mechanical 

strength (12).  

The application of nanotechnology in orthodontics 

shows considerable promise and has been extensively 

studied. Nanotechnology can enhance the performance 

of fixed orthodontic appliances by reducing friction, 

inhibiting bacterial growth, promoting tooth 

remineralization, improving corrosion resistance and 

biocompatibility of metal components, and facilitating 

orthodontic tooth movement (13). Various 

nanoparticles, such as silver (Ag), titanium dioxide 

(TiO₂), silver–hydroxyapatite (Ag‑HA), curcumin, 

zirconia–titania (ZrO₂‑TiO₂), copper oxide (CuO), zinc 

oxide (ZnO), cinnamon extract, magnesium oxide (MgO), 

and chitosan have been incorporated into GIC or 

orthodontic composites to enhance antibacterial or 

mechanical properties for banding or bonding in fixed 

orthodontic treatment (5-7). 

Cerium oxide (CeO₂) nanoparticles (NPs) have 

attracted attention for biomedical applications due to 

their antioxidant, anti-inflammatory, angiogenic, and 

antibacterial properties (14). Cerium oxide has 

demonstrated strong antibacterial activity against a 

wide range of gram-positive and gram-negative bacteria 

(15). These nanoparticles can be potentially applied to 

enhance the antibacterial properties of GIC used for 

orthodontic bands, thus improving its caries-preventive 

potential. However, any modification of GIC with CeO₂ 

must be carefully evaluated to ensure that it does not 

adversely affect the retentive strength of orthodontic 

bands. 

To the best of our knowledge, no previous study has 

investigated the effect of cerium oxide nanoparticles on 

antimicrobial and mechanical properties of luting 

cements. Therefore, the present study aimed to 

investigate the antimicrobial effects and retentive 

strength of glass ionomer cement (GIC) containing 

cerium oxide nanoparticles (NPs) when used for 

cementing orthodontic bands, as well as to evaluate the 

cytotoxicity of these nanoparticles. 

 

Materials and methods 

Study design and ethical consideration  

This in vitro study was conducted in the Dental 

Materials Laboratory at the School of Dentistry, 

Mashhad University of Medical Sciences, Mashhad, Iran. 

All procedures were performed in accordance with the 

principles of the Declaration of Helsinki and were 

approved by the ethics committee of Mashhad 

University of Medical Sciences (Ethics code: 

IR.MUMS.DENTISTRY.REC.1401.142). 

 

Sample size calculation  

Based on the study by Heravi et al. (16) and the 

reported mean values and standard deviations of 

retentive strength, the sample size was calculated using 

G*Power 3.1 software with α = 0.05, β = 0.05, and an 

effect size of 1.34, resulting in 15 samples per group for 

retentive strength assessment. For the antibacterial 

tests and MTT cytotoxicity assay, where significant 

variability was not anticipated, three samples per group 

were included (6, 7).  

 

Synthesis of cerium oxide NPs  

First, solutions of cerium nitrate hexahydrate 

(Ce(NO₃)₃·6H₂O; Merck, Darmstadt, Germany) and 

sodium hydroxide (NaOH; Merck) were prepared 

separately in two 250 mL beakers. The cerium nitrate 

hexahydrate solution was placed on a magnetic stirrer, 

and the sodium hydroxide solution was added dropwise 

and gradually to it. The resulting suspension was 

centrifuged at 8000 rpm for 15 minutes to collect the 

precipitate. The supernatant was discarded, and the 

precipitate was washed several times with water. 

Finally, the precipitate was dried in a vacuum oven at 

200 °C, yielding cerium oxide nanoparticle powder (17). 

X-ray diffraction (XRD) (GNR, Italy) and transmission 

electron microscopy (TEM) (Leo 912 AB, Carl Zeiss, 

Oberkochen, Germany) tests were performed on the 

synthesized cerium oxide NPs.  

Figure 1 shows the XRD pattern of the synthesized 

cerium oxide NPs. The sharp, well-defined diffraction 

peaks correspond to the characteristic reflections of 

cerium oxide with a cubic fluorite-type structure, 

confirming a highly crystalline and single-phase material 

(18). 

 Figure 2 shows the TEM image and particle size 

distribution of the synthesized cerium oxide NPs. The 

average particle size was 16.1 ± 3.55 nm. 

 

Incorporation of cerium oxide NPs into  luting 

cement 

Cerium oxide NPs were incorporated into GIC powder 

at concentrations of 1%, 2%, and 4% using a dry-mixing 
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method. Briefly, the required amounts of cerium oxide 

nanoparticles were accurately weighed and then 

gradually added to the pre-measured GIC powder. The 

mixture was then thoroughly blended manually using a 

spatula to achieve a uniform distribution of the 

nanoparticles and minimize agglomeration.  

  

Antibacterial activity assessment 

The antibacterial activity of GIC containing cerium 

oxide NPs was evaluated against Streptococcus mutans 

(S. mutans) using a direct contact test, adapted from ISO 

22196 and previously published protocols (7). Cerium 

oxide NPs powder was incorporated into a luting and 

lining GIC (GC Corporation, Tokyo, Japan) at 

concentrations of 1%, 2%, and 4% by weight (wt%).   

After mixing the powder and liquid components 

(powder/liquid ratio = 1.4:1, g/g), the mixture was 

placed into a custom-made Teflon mold to produce disk-

shaped specimens (15 mm in diameter and 2 mm in 

height). Three disks were prepared for each 

concentration, and control disks without nanoparticles 

were fabricated using the same procedure. All 

specimens were allowed to set completely according to 

the manufacturer’s instructions. 

The antibacterial activity test was conducted following 

the protocol outlined below. S. mutans were obtained 

from the Persian Type Culture Collection of the Scientific 

and Industrial Research Center of Iran under the 

bacterial number PTCC No: 1683 (equivalent to ATCC 

35668). S. mutans was revived from its lyophilized form 

and transferred from the stock culture to fresh culture 

medium, where it was incubated for 24 hours. The 

surfaces to be tested were placed in sterile plates and 

decontaminated using direct and near-ultraviolet 

radiation for 60 minutes. 

Bacteria were cultured in Brain Heart Infusion Broth 

and allowed to grow for 4–5 hours until the turbidity of 

the medium reached half McFarland turbidity. This 

standard turbidity was then diluted to achieve a 

bacterial cell concentration of 1 × 105 CFU/mL per 100 

μL. This solution was used as the inoculation suspension  

for the test surfaces. 

To examine the external surface of the prepared 

specimens, each sample was placed in a separate sterile 

 
Figure 1. The x-ray diffraction (XRD) pattern for cerium oxide nanoparticles 

 
 

 
 

 
 
 

 
 

 
 
 

 
Figure 1. XRD pattern for cerium oxide nanoparticles 

 
 

 
 

 
 
 

 
 

 
 
 

 
 

 
Figure 1. XRD pattern for cerium oxide nanoparticles 

 

 

Figure 2.  (A) A transmission electron microscopy 

(TEM) graph of cerium oxide (CeO₂) nanoparticles 

(NPs); (B) The size distribution of CeO₂ NPs 
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plate. Then, 100 μL of diluted bacterial suspension was 

added to each surface. Two inoculation sites were 

performed on each specimen: one for baseline 

measurement (time zero) and the other for post-

exposure evaluation. A clean laboratory slide was used 

as the negative control. 

The inoculated surfaces were incubated for 1 hour at 

room temperature. Afterward, they were washed with 

liquid culture medium, and the wash was transferred to 

blood agar culture plates, which were then incubated for 

48 hours. The culture results were evaluated after 48 

hours of incubation, the cultures were evaluated, and 

the bacterial load was quantified. The minimum 

proportion of cerium oxide nanoparticles required to kill 

all bacteria was compared to the control group in the 

next step of evaluating its retentive strength. 

 

Retentive strength test 
The retentive strength of GIC containing the minimum 

effective concentration of cerium oxide NPs was 

evaluated and compared with that of the control group. 

Thirty extracted premolars were selected based on 

specific inclusion criteria, including the absence of 

caries, restorations, cracks, or surface defects. The root 

of each tooth was embedded in a plastic model and fixed 

with cold-cure acrylic resin (Acropars, Tehran, Iran). The 

teeth were subsequently cleaned with a pumice slurry, 

rinsed with distilled water, and air-dried. Each tooth was 

coded and randomly assigned to one of the two groups 

using a random numbers table (n = 15). The grouping 

was based on the material used for band cementation, 

as follows: 

• Control group: cementation with conventional 

GIC.  

• Experimental group: cementation with GIC 

containing 1 wt% cerium oxide NPs. 

For each tooth, an appropriately sized stainless steel 

orthodontic band (Dentaurum, Pforzheim, Germany)  

was selected by a single experienced orthodontist. Band 

selection aimed to achieve a tight fit, with complete 

seating of the cervical margin at the cemento-enamel 

junction (CEJ) and no visible gaps, rocking, or 

deformation. Bands that did not meet these criteria 

were replaced with the next suitable size to ensure a 

consistent fit across all specimens. 

To minimize variations in cement film thickness, a 

single operator mixed the glass ionomer luting and lining 

cement according to the manufacturer’s instructions 

(powder/liquid ratio = 1.4:1 g/g). A standardized thin 

layer of cement was applied to the inner surface of each 

band using a small spatula, ensuring complete coverage 

without overfilling. Each band was then positioned on 

the tooth and seated with firm, steady finger pressure 

for approximately 30 seconds. Excess cement extruded 

at the margins was carefully removed with a cotton roll 

before setting. This procedure was applied consistently 

to all specimens. 

 For the retentive strength test, a custom-made device 

(Figure 3) was used to apply force to the bands. The tool, 

consisting of 13 components, was positioned under the 

buccal and lingual arms of each band and connected to 

the load cell of the testing apparatus. Its design allowed 

 
Figure 3. (A) A customized band removal device for assessing retentive strength; (B) Placement of a sample in the universal testing 

machine for the retentive strength test 
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precise horizontal and vertical adjustment of each arm, 

ensuring accurate and reproducible force application 

(Figure 3A). The lingual sheath was welded to each 

orthodontic band to ensure stable attachment. 

The retentive strength of cement was measured by a 

universal testing machine (STM20; SANTAM, Tehran, 

Iran). Each tooth sample was secured in the machine's 

clamp. The arrowheads of the holding device were fully 

engaged beneath both the bracket and the lingual 

sheath of each band, ensuring stable positioning. The 

Force was applied at a crosshead speed of 1 mm/min 

until the band detached from the tooth (Figure 3B). 

 The force required to separate each band was 

recorded in Newtons and then divided by the area of the 

respective band (in mm2) to calculate the retentive 

strength (in megapascals). 

 

Cytotoxicity assessment 

Cytotoxicity of cerium oxide NPs was assessed by the 

MTT assay. To prepare the MTT solution, 5 mg of MTT 

powder was dissolved in 1 mL of sterile phosphate-

buffered saline (PBS). The MTT solution is normally 

yellow in color. However, in the presence of viable cells, 

mitochondrial enzymes reduce MTT to insoluble purple 

formazan crystals. Therefore, the intensity of the purple 

color formed is directly related to the number of living, 

metabolically active cells. 

Following cell counting, 2 × 10³ gingival fibroblast cells 

(Pasteur Institute, Tehran, Iran) were seeded into each 

well of a 96-well plate. After 24 hours, allowing sufficient 

time for cell attachment, the cells were treated with 

different concentrations of cerium oxide NPs, starting 

from an initial concentration of 1.4 mg/mL. For the 

treatment groups, 100 μL of nanoparticle suspension at 

the desired concentrations was added to each well. In 

the control group, 100 μL of culture medium containing 

fetal bovine serum (FBS) was added instead. The cells 

were then incubated for 48 hours. 

After the incubation period, the culture medium was 

carefully removed from each well, and the wells were 

gently washed with PBS. Next, 20 μL of MTT solution (5 

mg/mL) was added to each well under sterile conditions 

and protected from light. The plate was incubated for an 

additional 4 hours to allow the formation of formazan 

crystals. Following this step, the supernatant was 

removed, and 100 μL of dimethyl sulfoxide (DMSO) was 

added to each well to dissolve the purple crystals. The 

plate was then shaken for 15 minutes to ensure 

complete dissolution. 

Finally, the optical density (OD) of each well was 

measured at 570 nm, using 630 nm as a reference 

wavelength. All experiments were performed in 

triplicate to ensure accuracy and reproducibility. For 

data analysis, the absorbance at 630 nm was subtracted 

from the absorbance at 570 nm to correct for 

background interference. These corrected values were 

then compared with the control group. A dose–response 

curve was generated using appropriate software, and 

the half-maximal inhibitory concentration (IC₅₀) of the 

test compound was determined.  

 

Statical analysis 

The normality of retentive strength data was assessed 

using the Kolmogorov–Smirnov test (P>0.05). The 

difference in retentive strength between the two groups 

was evaluated using an independent samples t-test. The 

data were analyzed using IBM SPSS Statistics software  

(version 25.0; IBM Corp., Armonk, NY, USA), and the 

statistical significance was set at P < 0.05. 

 

Results  

Antibacterial activity assessment 

The direct contact test results indicated that the 

control GIC group had 160 ± 26 CFU/mL of S. mutans, 

whereas all cerium oxide-containing groups (1 wt%, 2 

wt%, and 4 wt%) showed complete bacterial inhibition 

(0 CFU/mL). The 1 wt% cerium oxide was the lowest 

concentration required to achieve full elimination of S. 

mutans (Table 1). 

 

Retentive strength test  

Based on the antimicrobial test results, the GIC 

containing 1% cerium oxide NPs was selected for the 

retentive strength evaluation and compared with the 

control group. Table 2 presents the mean and standard 

 
Table 1. Antimicrobial test results of GIC containing cerium oxide nanoparticles against Streptococcus mutans  

Groups CFU/ml 

 Mean ± SD 

Glass ionomer cement (Control) 160 ± 26 

Glass ionomer cement + 1% cerium oxide nanoparticles  0 

Glass ionomer cement + 2% cerium oxide nanoparticles  0 

Glass ionomer cement + 4% cerium oxide nanoparticles  0 

CFU: colony-forming untits 
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deviation of retentive strength for both groups. An 

independent samples t-test indicated no significant 

difference in retentive strength between the groups (P = 

0.31). 

 

Cytotoxicity assessment 

Figure 4 presents the results of the cytotoxicity assay 

of cerium oxide NPs on gingival fibroblast cells, showing 

cell viability at different nanoparticle concentrations.  

The results indicated that the IC₅₀, the concentration 

required to inhibit the growth of 50% of cells, was 1000 

μg/mL for cerium oxide nanoparticles. 

 

Discussion 

In this study, the antibacterial activity of GIC 

containing various concentrations of cerium oxide 

(CeO₂) nanoparticles (NPs) was assessed using the direct 

contact test, and the minimum concentration of cerium 

oxide NPs required to inhibit S. mutans was determined. 

GIC containing this minimum concentration (1% w/w) 

was then compared with control GI cement (without 

nanoparticles) in the retentive strength test. Finally, the 

cytotoxicity of cerium oxide NPs was evaluated on 

gingival fibroblast cells. Cerium oxide NPs were 

considered suitable for this study due to their reported 

activity against a broad spectrum of both gram-positive  

and gram-negative bacteria (15).  

In the present study, all cerium oxide-containing 

groups (1 wt%, 2 wt%, and 4 wt%) showed complete 

bacterial inhibition (0 CFU/mL). Therefore, even the 

lowest concentration tested was sufficient to achieve 

complete bacterial elimination under the experimental 

conditions. Furthermore, the minimum bactericidal 

threshold is ≤ 1 wt%, since increasing the concentration 

did not produce a measurable additional reduction. 

Although the antibacterial mechanism of cerium oxide 

NPs is not fully understood, two main mechanisms of 

action have been proposed. In the direct mechanism, 

cerium oxide NPs physically interact with the bacterial 

cell wall and membrane. This interaction leads to the 

production of reactive oxygen species (ROS), such as 

hydrogen peroxide, which damage the cell. The damage  

is largely localized and contact-dependent, often 

resulting in membrane breakdown and cell lysis. In the 

indirect mechanism, cerium oxide NPs nanoparticles 

primarily interact with the surrounding environment or 

extracellular components, such as the polysaccharide-

rich outer layers of the bacterial cell wall. This 

interaction promotes the generation of ROS outside the 

cell. These ROS then diffuse or penetrate the bacterial 

cell. Inside the cell, they cause secondary damage to 

intracellular targets, including proteins, enzymes, and 

DNA, ultimately leading to cell death. 

The outcomes of this study are in agreement with the 

results of Pop et al (19), who demonstrated that cerium 

oxide NPs exhibit significant antibacterial effects against 

Escherichia coli, Salmonella typhimurium, Listeria  

monocytogenes, Staphylococcus aureus, and Bacillus 

cereus.  Bhatt et al. (20) also investigated the potential 

of cerium oxide NPs to reduce dental caries. In an in vitro 

 

 
Figure 4. A graph depicting the percentage of cell viability of gingival fibroblasts at different concentrations of cerium oxide 

nanoparticles 

 

Table 2. Mean and standard deviation of the retentive strength of bands in the study groups 

Groups Mean (MPa) Standard Deviation 

Glass ionomer (Control) 0.5825 0.1233 

Glass ionomer containing 1% CeO2 NPs 0.5366 0.1194 

P-value* 0.31  

*independent samples t-test 
 CeO₂ NPs: Cerium oxide nanoparticles 
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model of initial S. mutans colonization, cerium oxide NPs 

reduced bacterial adhesion by approximately 40%, 

suggesting a potential decrease in caries risk. The 

outcomes of this study are in contrast to those of Jairam 

et al. (21), who incorporated cerium oxide nanoparticles 

at different concentrations into restorative glass 

ionomer cement and assessed their antibacterial activity 

against Streptococcus mutans using the agar well 

diffusion method. They found that the antibacterial 

activity of the cement increased with the addition of 

cerium oxide NPs up to 4%, but decreased at higher 

concentrations. This reduction was attributed to 

nanoparticle agglomeration, which diminishes the active 

surface area of the cerium oxide NPs. These different 

results could be attributed to the method of 

antibacterial activity assessment and the type of GIC 

employed.  

In the present study, the 1 wt% cerium oxide was the 

lowest concentration required to achieve full 

elimination of S. mutans, and thus this ratio was selected 

for retentive strength measurement. The results 

indicated no significant difference in the retentive 

strength between the GIC containing 1% cerium oxide 

and the control group. This finding implies that 

incorporating 1% cerium oxide NPs into GIC does not 

adversely affect its retentive strength. A review of the 

literature shows no previous study that examined the 

retentive strength of bands cemented with GIC 

containing cerium oxide. Heravi et al. (22) reported that 

modifying GIC with 1.56% w/w CPP-ACP did not reduce 

the retentive strength of bands. Similarly, Hatunoğlu et 

al. (23) found that adding 10%, 25%, or 50% ethanolic 

extracts of propolis (EEP) to conventional GIC did not 

adversely affect the shear-peel band strength. 

The widespread use of cerium oxide NPs has raised 

concerns about their potential effects on human health. 

Nanomaterials are much smaller than cells, allowing 

them to penetrate cell membranes and interact with 

intracellular organelles. This may lead to adverse effects 

such as neurotoxicity, immunotoxicity, and genotoxicity. 

The cytotoxicity of metal nanoparticles is influenced by 

several factors, including their composition, size, shape, 

surface charge, solubility, and chemical reactivity (24). 

In this study, the cytotoxicity of cerium oxide NPs was 

assessed on gingival fibroblast cells. The results 

indicated that the IC₅₀, the concentration required to 

inhibit the growth of 50% of cells, was 1000 μg/mL for 

cerium oxide NPs.  In comparison, Shafaee et al. (6) 

reported IC₅₀ values of 1060 μg/mL for cinnamon NPs, 

460 μg/mL for zinc oxide NPs, and 380 μg/mL for copper 

oxide NPs. The IC₅₀ of 1000 μg/mL for cerium oxide NPs 

indicates lower cytotoxicity than zinc oxide and copper 

oxide NPs, and a cytotoxicity level similar to that of 

cinnamon NPs. Kim et al (25) found that the overall 

toxicity of cerium oxide NPs was considerably lower than 

that of zinc oxide NPs, which are widely used in dental 

research. Interestingly, cerium oxide NPs have been 

reported to play a protective role against nitric oxide-

induced toxicity. Akhtar et al. (26). observed that cerium 

oxide NPs at 100 μg/mL mitigated nitric oxide–induced 

toxicity in endothelial cells. Bhatt et al. (20) reported 

only minor effects on human cell metabolism at 

concentrations up to 1 mM cerium and noted that 

cerium oxide NPs exhibited lower cytotoxicity than 

equimolar silver nitrate (AgNO₃).  

In contrast, several studies showed that cerium oxide 

NPs can induce reactive oxygen species (ROS) 

production, DNA damage, cell death, and apoptosis in 

human lung cells (27-29). Cytotoxic and oxidative effects 

of cerium oxide NPs have also been reported in human 

skin keratinocytes, along with genotoxicity in human 

intestinal Caco-2 cells (30-32). Benameur et al. (33) 

observed that low concentrations of cerium oxide 

nanoparticles (6 μg/mL and 6 mg/mL) caused genetic 

damage and oxidative stress in dermal fibroblast cells, 

with chromosomal damage and DNA structural 

alterations identified as primary mechanisms of toxicity.  

The main limitation of this study is that it was 

conducted in vitro using extracted human premolars 

and gingival fibroblast cultures. Therefore, the results 

cannot fully replicate the complex biological, 

microbiological, and mechanical environment of the oral 

cavity. Additionally, antibacterial activity was assessed 

against a single bacterial species (S. mutans) over a short 

incubation period, and cytotoxicity was evaluated in a 

single cell line using the MTT assay. Future studies 

should employ in vitro or in vivo models that better 

mimic oral conditions, extend antibacterial testing to 

multispecies biofilms and additional cariogenic or 

periodontal pathogens, and assess cytotoxicity across 

multiple cell types using complementary assays, 

ultimately progressing toward well-designed clinical 

trials. 

  

Conclusions 

1. The minimum concentration of cerium oxide 

nanoparticles required to completely inhibit S. 

mutans was determined to be 1% by weight. 

2. Incorporating 1% cerium oxide nanoparticles into 

GIC did not significantly affect its retentive 

strength for band cementation, indicating that this 
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concentration preserves the material’s suitability 

for orthodontic applications.  

3. The IC₅₀ of cerium oxide nanoparticles was 1000 

μg/mL, suggesting relatively low cytotoxicity 

toward gingival fibroblast cells.  
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