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Abstract 
Introduction. Heavy metals and trace elements released from pediatric dental restoratives are a matter of interest. 
Aim of the study: The aim of this study was to determine the amount of aluminum, boron, nickel, copper, zinc, barium, 
lead, arsenic, selenium, antimony, and iron released from five different pediatric dental restoratives stored in ultra-
distilled water. Material and Methods. The materials were a traditional glass ionomer, a bulk-fill glass ionomer, a resin-
modified glass ionomer, a glass carbomer fill, and a compomer. Ten cylindrical (10 × 2 mm) specimens were prepared 
from each material. Each sample was stored in 50 mL ultra-distilled water (18MΩ.cm) at 37 °C for 14 days and rinsed 
twice daily. The amount of elements in the solutions was determined using inductively coupled plasma-mass 
spectrometry. In addition, pH and electrical conductivity were evaluated for each material. Statistical analysis was 
performed using one-way ANOVA, Duncan’s multiple range test and independent samples t-test for two-group 
comparisons (p < 0.05). Results. Aluminum, boron, nickel, copper, zinc, barium and lead were detected in all solutions 
(p<0.05). The traditional glass ionomer and resin-modified glass ionomer released arsenic (p<0.05), the bulk-fill glass 
ionomer and compomer released selenium (p>0.05), and the resin-modified glass ionomer and compomer released 
antimony (p<0.05). Only the resin-modified glass ionomer released iron. The lowest pH and electrical conductivity 
were observed in the compomer (p<0.05). Conclusion. All materials tested released some heavy metals and trace 
elements, but the rates were quite low. Therefore, these materials should be safe to use in pediatric dentistry.  
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Introduction 

In dentistry, a wide range of materials and 
biomaterials are utilized in dental restorations. 
Materials employed particularly in pediatric 
dentistry must exhibit enhanced 
biocompatibility, as they are continuously 
exposed to saliva, dietary substances, thermal 
fluctuations, and the oral microflora [1]. These 
environmental factors may compromise the 
structural integrity of restorations and 
contribute to an increased release of trace 
elements and ions. Notably, the highest level of 
ion release from pediatric restorative materials 
into the oral cavity occurs within the first 24 
hours following placement [2,3].  

 
Certain pediatric dental restorative 

materials, particularly glass ionomer cements 
(GICs) and compomers, are recognized as 
sources of low-level fluoride release into the 
oral environment. In addition to fluoride, 
various other elements, including trace 
elements, heavy metals, and ions, may also be 
released from GICs into the oral cavity or 

surrounding media following setting [4–6]. The 
release of these elements and ions may confer 
beneficial effects, such as the prevention of 
secondary caries, promotion of 
remineralization, and inhibition of bacterial 
colonization. However, certain elements (e.g., 
arsenic and lead) are classified as heavy metals, 
and their presence in dental materials may pose 
potential adverse health risks, particularly for 
young children [7–10]. 

  
A comprehensive review of the literature 

reveals a paucity of data regarding the release 
of trace elements and heavy metals from 
pediatric dental materials. Therefore, the 
present study aims to compare the quantities of 
heavy metals and trace elements released from 
various restorative materials, including a 
traditional glass ionomer (TGI), a bulk-fill glass 
ionomer (BFGI), a resin-modified glass 
ionomer (RMGI), a glass carbomer fill (GCF), 
and a compomer. Inductively coupled plasma–
mass spectrometry (ICP-MS) was employed 
for the analysis of toxic and trace elements due 
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to its well-established advantages, including 
high sensitivity, selectivity, and multi-element 
analytical capability [9].  

 
 
 
In addition, the pH and electrical 

conductivity of each material were evaluated. 
The null hypothesis was that the amount of 
heavy metals and trace elements released did 
not differ significantly between the types of 
glass ionomer.  
 
 

Material and methods 
Sample preparation  
 

Four different capsuled glass ionomer 
restorative materials, TGI (Riva Self Cure, SDI 
Limited, Bayswater, VIC, Australia), BFGI 
(EQUIA Forte®, GC Corporation, Tokyo, 
Japan), RMGI (Photac Fil Quick AplicapTM, 
3M ESPE, St. Paul, MN USA), and GCF (GCP 
Dental, Ridderkerk, Netherlands), and a 
compomer (Glasiosite Caps, VOCO GmbH, 
Cuxhaven, Germany) were tested in this study 
(Table 1).  

 
Table 1. Tested materials  

Material Composition Manufacturer Lot number Setting 
Riva Self Cure 
(Traditional 

Glass 
Ionomer) 

Fluoroaluminosilicate glass, 
acrylic acid polymers, tartaric 

acid 

SDI Limited, 
Bayswater, VIC, 

Australia 
B1403132EG Chemical 

Equia Forte® 
Bulk Fill Glass 

Hybrid 
Restorative 

Fluoroaluminosilicate glass, 
polyacrylic acid powder, 
pigment, polyacrylic acid, 
distilled water, polybasic 

carboxylic acid 

GC, 
Corporation, 
Tokyo, Japan 

1502071 Chemical 

Photac Fil 
Quick Aplicap 

(Resin-
modified) 

Glass powder, surface 
modified 

with 2-propenoic acid, 2 
methyl-.3-(trimethoxysilyl) 
propyl ester, bulk material, 
N,N-Dimethylbenzocaine 

3M ESPE, St. 
Paul, USA 

618298 Light 

Glass 
Carbomer 

FillTM 

Fluoroaluminosilicate glass, 
apatitie, polyacids 

GCP Dental, 
Ridderkerk, 
Netherlands 

7410293 
Light 

and heat 

Glasiosite, 
Polyacid-
Modified 

Composite 
Resin 

(Compomer) 

Glassceramics, silicates, 
initiators, additives, Bisphenol 

A-glycidyl methacrylate, 
Urethane dimethacrylate, 

Triethylene glycol 
dimethacrylate, butylated 

hydroxyl toluene resin 

VOCO, GmbH, 
Cuxhaven, 
Germany 

1521622 Light 

Ten cylindrical specimens, 10mm in width 
and 2mm in depth, were prepared from each 
material according to the manufacturer’s 
instructions at 23±2°C.  

A syg-200 dental amalgamator (Smaco 
Company, Hangzhou Zhejiang, China) was 
used as a mixing device. The light-curing 
devices are shown in Table 2. 
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Table 2. Light curing devices used in this study 

Groups Device Manufacturer Light Intensity Curing 
time 

Resin-modified 
GI# and 

Compomer 
Elipar S10  

3M ESPE, St. Paul, 
USA 1,200 mW/cm2 20 s 

Glass Carbomer 
fill 

GCP CarboLED 
thermo-cure 

lamp 

GCP Dental, 
Ridderkerk, 
Netherlands 

1,200 mW/cm2 60s 

# GI: Glass Ionomer 

The samples were kept at 95% humidity and 
37°C for 24 hours. Then, each sample was 
placed in a sterile polypropylene tube with a 
cover, and 50ml of ultra-distilled water 
(18MΩ.cm) was added. All samples were 
stored at 37°C for fourteen days. Each tube 
was shaked twice daily. After 14 days, the 
samples were removed from the solutions, and 
the latter were analyzed for trace elements 
using ICP-MS. 

  
Elemental analysis 
 An inductively coupled plasma-mass 

spectrometer (Agilent 7700, Agilent, Santa 
Clara, USA) was used to measure the levels of 
trace elements released from the five different 
dental materials. First, device calibration was 
performed with standard mixtures (High-
Purity Standards, North Charleston, USA). 
Each standard solution was pumped to the 
sample introduction system that transforms the 
solution into an aerosol and filters out large 
droplets prior to introduction into the ICP. As 
the aerosol moves through the plasma, 
vaporization, atomization, and ionization 
occur. The ions generated in the plasma were 
then sampled into the mass spectrometer. The 
mass spectrometer with an electron 
augmentation detector measured the ions 
according to mass-charge ratio. 

 The reactive materials were ultra-
distilled water (18MΩ.cm), 60% ultrapure 
nitric acid at a density of 1.37kg/L, 30% 
hydrochloric acid at a density of 1.15kg/L, 5% 
nitric acid washing solution and a blank 
solution (0.5% nitric acid).  

The amount of each element was 
determined as parts per billion (ppb or µg/L). 
The laboratory temperature was 23±2ºC 
degrees. 

 
pH measurements  
The pH of each solution was measured with 

a pH meter (WTW InoLab-IDS multi 720, 
Probe 325). For pH measurements, device 
validation was performed first using solutions 
with standard pH (pH 4, 7 and 10; Certipur 
buffer solutions, Merck KGaA, Darmatadt, 
Germany). Then, the device probe was held in 
the test solution until the pH was stabilized. 
The pH value was then recorded. Before each 
subsequent measurement, the probe was 
washed with distilled water and dried with a 
napkin.     

  
Electrical conductivity measurements  
 The electrical conductivity of each 

solution was measured with a meter (WTW 
InoLab-IDS multi 9310, Probe 925). First, 
device validation was performed with solutions 
with standard conductivity (electrical 
conductivity of 12.85±4%mS/cm and 
1412±5% µS/cm; Certipur potassium chloride 
solution, Merck KGaA, Darmatadt, Germany). 
Second, the device probe was placed in the test 
solution until conductivity was stabilized, and 
the value was then recorded. Before each 
subsequent measurement, the probe was 
washed with distilled water and dried with a 
napkin.  

Statistical analysis 
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 The data were statistically analyzed 
using one-way analysis of variance, Duncan’s 
multiple range test and independent samples t-
test for two-group comparisons (SPSS 17 for 
Windows, SPSS Inc., Chicago, IL, USA) with 
the significance level set at p<0.05. 

Results  
The mean and standard deviation of the 

amount of each element released are shown in 
Table 3.  

 

 

Table 3. The amounts of heavy metals and trace elements released from glass ionomers 

Materials Traditional 
GI# 

Bulk fill GI# Resin-
modified 
GI# 

Glass 
Carbomer 
fill 

Compomer 

B 7.86±1.9c 7.58±3.9c 7.47±2.9c 1221±272a 136± 19.3b 

Al 326± 107d 1255±189c 4421±1607a 2026±808b 88.3±1.78d 

Fe*   0.43± 0.24   

Ni 0.38±0.18a 0.12±0.05c 0.41±0.09a 0.25±0.09b 0.29±0.05b 

Cu 0.21±0.09c 0.36±0.19bc 1.18±0.27a 0.27±0.01c 0.49±0.36b 

Zn 3.09± 1.18b 0.57± 0.18d 6.82± 1.16a 1.99± 1.05c 1.72± 0.89c 

As 0.38±0.15a  0.10±0.06b   

Se  0.16±0.008a   0.24± 0.19a 

Sb   0.09± 0.01b  4.73±0.83a 

Ba 0.80± 0.12b 2.81± 0.60b 8.35± 2.05b 8.75± 0.66b 193.7±31.6a 

Pb 0.41± 0.24a 0.35± 0.09a 0.44± 0.19a 0.14± 0.04b 0.16± 0.03b 

# GI: Glass Ionomer; B: Boron, Al: Aluminum, Fe: Iron, Ni: Nickel, Cu: Copper, Zn: Zinc, As: Arsenic, Se: Selenium, 
Sb: Antimony, Ba: Barium, Pb: Lead; Values are expressed as mean ± standard deviation (ppb = μg/L); * No statistical 
analysis; The superscripts a-d indicate statistical difference in same column. 
 

Boron, aluminum, nickel, copper, zinc, 
barium, and lead were released from each 
material (p<0.05). BFGI and the compomer 
released selenium (p>0.05). RMGI and the 
compomer released antimony (p>0.05). TGI 
and RMGI released arsenic (p<0.001). Only 
RMGI released iron. 
  
 

 
The lowest pH was observed in the 

compomer group (p<0.001); the pH values of 
the other groups were similar (Table 4). 
 The electrical conductivities of 
solutions were significantly different between 
groups (p<0.001; Table 4). The highest 
electrical conductivity value was observed in 
the RMGI group. 
 

Table 4. pH and electrical conductivity values  

Materials Traditional 
GI# 

Bulk fill 
GI# 

Resin-
modified GI# 

Glass 
Carbomer fill 

Compomer 

pH 6.33±0.15a 6.36±0.09a 6.34±0.05a 6.39±0.04a 5.62±0.29b 

Electrical 
conductivity 

21.8±1.7d 33.6±4.3c 58.7±8.5a 43.3±5.8b 4.6±0.94e 

# GI: Glass Ionomer; The superscripts a-e indicate statistical difference in same line. 
 
 



 

ISSN 2601-6877, ISSN-L 2601-6877 (print)  ISSN 2668-6813, ISSN-L 2601-6877 (online).             Acta Stomatologica Marisiensis 2026;9(1)63-71              
 

67 
 

Discussions
Glass ionomer cements (GICs) are widely 

used for various clinical applications, including 
restorative fillings, pit-and-fissure sealants, 
luting agents, liners, and base cements [11,12]. 
However, their composition has been modified 
– primarily through the incorporation of resin 
components – to enhance their mechanical 
properties [4,12]. In conventional GICs, an 
acid-base reaction occurs, leading to the 
leaching of fluoride ions and the formation of 
a polysalt matrix [11]. Furthermore, unreacted 
glass particles may contribute to a rapid initial 
release following mixing, which is associated 
with the early elution phase. This phenomenon 
is commonly referred to as the “burst effect” 
[2]. In addition to this initial release, a lower but 
sustained ion release may persist over an 
extended period [12]. Similar release 
mechanisms may also apply to other elements. 
Previous studies have demonstrated that dental 
materials are capable of releasing certain heavy 
metals [7–9,13]. The findings of this study 
demonstrated that boron, aluminum, iron, 
nickel, copper, zinc, arsenic, selenium, 
antimony, barium, and lead were released from 
glass ionomer materials. When the overall 
results were considered, statistically significant 
differences were observed among the different 
types of glass ionomers. Accordingly, the null 
hypothesis was rejected. 

In ion release studies, a variety of 
storage media – such as artificial saliva, human 
saliva, saline, acidic solutions, and deionized 
water –have been utilized [14]. Some studies 
suggest that saliva-based or pH-cycling models 
may more accurately simulate the oral 
environment and, therefore, may be more 
suitable for investigating ion release from 
dental materials. However, the use of ultra-
distilled water is considered to provide a more 
accurate estimation of ion release, as this 
medium does not contain pre-existing ions 
[14]. Ultra-distilled water is therefore regarded 
as an acceptable storage medium for in vitro 
studies, and in the present study, it was selected 
to evaluate the release of all elements. In 
previous studies, the sample size was often 
limited to six specimens [2,15]. In contrast, the 
present study aimed to obtain more reliable 
and precise results by increasing the number of 

samples. ICP-MS is a suitable analytical 
technique for the detection of less frequently 
observed elements and provides highly 
accurate results, even with small sample sizes 
[16]. Some researchers have employed 
inductively coupled plasma-atomic emission 
spectrometry (ICP-AES) [13], while others 
have preferred inductively coupled plasma-
optical emission spectrometry (ICP-OES) for 
the analysis of trace elements in various types 
of mineral trioxide aggregate. Overall, these 
methods are considered appropriate for the 
determination of trace elements in dental 
materials. Consistent with previous studies 
[7,17], ICP-MS was selected as the analytical 
method in the present study. 

Several studies [2,3,18] have reported that 
the highest ion release from GICs occurs 
within the first 24 hours, with release rates 
stabilizing at approximately 14 to 28 days. 
Consequently, a 14-day evaluation period was 
selected for the present study. Although 
uniform conditions – including temperature, 
specimen geometry, storage medium, and 
polishing procedure – were maintained for all 
samples, variations were observed in the 
amounts of elements released. These 
differences may be attributed to multiple 
factors, such as the chemical and physical 
properties of the GICs, the powder-to-liquid 
ratio, the solubility of glass particles, and the 
mixing time. 

 Fluoride release from GICs occurs via 
three primary mechanisms: diffusion through 
pores and microfractures, mass diffusion, and 
superficial rinsing. The superficial rinse 
mechanism is influenced by the particle size of 
the GICs. Glass particles are milled under dry 
conditions to a size of less than 20 µm, 
resulting in a surface coating of fine particulate 
dust that can be washed off and dissolved upon 
contact with the surrounding medium. Other 
release mechanisms are associated with long-
term processes. Over time, GICs absorb water, 
and ion release may occur from both the cracks 
and bulk of the material, requiring a longer 
duration than initially anticipated [18]. Similar 
mechanisms may apply to the release of other 
elements in the present study. However, due to 
variations in material composition, not all 
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elements are released from every type of glass 
ionomer. In this study, only minimal release of 
iron, nickel, copper, arsenic, selenium, 
antimony, and lead was observed, whereas 
aluminum, boron, barium, and zinc were 
released in higher amounts. 

The antibacterial activity of alumino-
fluoro complexes is considered important for 
inhibiting cariogenic microorganisms, and 
aluminum plays a critical role in the maturation 
of glass ionomers [4,7]. However, as a metal, 
excessive exposure to aluminum may induce 
neurotoxicity and, alongside genetic factors, 
has been implicated in the development of 
Alzheimer’s disease and related conditions [19]. 
Gjorgievska et al. [5] detected aluminum 
concentrations ranging from 10.6 to 26.3 ppm 
using atomic absorption spectrophotometry in 
four different dental materials (TGI, RMGI, 
compomer, and composite), reporting that 
TGI generally released higher amounts of 
aluminum than RMGI. In the present study, all 
material groups released aluminum, consistent 
with previous findings [4,5], with aluminum 
exhibiting the highest level of release among 
the elements measured (0.08–4.42 mg/L). 
Notably, RMGI released more aluminum than 
the other glass ionomers, in agreement with the 
results of Okte et al. [4]. This difference may 
be attributed to the larger pore size and higher 
porosity of RMGI compared to TGI, which 
facilitates greater aluminum release from the 
glass particles [5]. The average aluminum 
intake in infants is reported as 0.37 ± 0.26 
mg/kg body weight/day [20]. The amounts 
measured in this study are well below the 
average daily intake, indicating that aluminum 
released from glass ionomers is within safe 
limits and does not pose a health risk. 

Boron is a ubiquitous non-essential element 
in the human body and is part of many 
biochemical and metabolic functions beneficial 
to human health and well-being. People 
consume many products (food and water) 
containing boron in daily life [21]. The 
acceptable safe range of boron in food is 1–
7mg/day. In healthy people, boron levels 
change between 15 and 80μg/kg [22]. In this 
study, boron showed the second highest 
release from glass ionomers. The highest 
amount released (1221ppb) was in GCF and 

the lowest (7.86ppb) was in RMGI. The 
amount of boron released from GICs is not at 
a level that can be harmful to humans. 

Barium is a heavy metal and is found in 
many types of food and beverages. Barium 
sulfate is often used as a radiopaque agent in 
the composition of various dental materials 
[23]. The effects of barium sulfate are 
debatable. However, Khandaker et al. [23] 
suggested that barium sulphate may be 
biologically useful. In this study, barium was 
released at the highest amount in the 
compomer group (193.7ppb) and at the lowest 
(0.8ppb) in the TGI group. More barium may 
be added to compomers for opacity or 
compomers can release more barium 
independently of opacity. 

Zinc is not stored in the body, but must be 
obtained from dietary sources. It has catalytic, 
structural, and regulatory functions in the 
body, participates in many enzymatic activities 
and has an anticancer role. Zinc deficiency is a 
major health problem, affecting over two 
billion people worldwide [24]. The daily 
recommendation for women is 8mg [25]. In 
this study, all materials released zinc and the 
amounts released (0.57–6.82ppb) were much 
less than the recommended daily dose. The 
lowest zinc release was detected in BFGI and 
the highest in RMGI. 

In this study, iron was detected only in the 
RMGI group (0.43ppb). Antimony was 
determined in two groups, at 4.73ppb in the 
compomer and at 0.09ppb in RMGI. Selenium 
was released in BFGI (0.16ppb) and the 
compomer (0.24ppb). Very small amounts of 
nickel (0.12–0.41ppb) and copper (0.21–
1.18ppb) were observed in all groups. The 
amounts detected were far from the rates that 
threaten general health. It is believed that these 
metals may play a role in the hardening 
reactions of glass ionomers. 

Previous studies have shown that some 
dental materials may contain toxic trace 
elements such as arsenic and lead [7-10,13]. 
Arsenic is one of the most hazardous metalloid 
element and arsenic toxicity results in 
multisystem diseases. People are often exposed 
to arsenic through consumption of food and 
drinking water. The World Health 
Organization has recommended that the 
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maximum level of arsenic in drinking water 
could be 10 μg/ L [26]. 

Lead, just like arsenic, is a known 
neurotoxic metal and lead toxicity is a major 
public health problem in all countries. A lead 
level of≥5 μg/dL in the blood is considered 
high for children [27]. In this study, very small 
amount of lead release was observed in all glass 
ionomers: RMGI (0.44ppb)>TGI 
(0.41ppb)>BFGI (0.35ppb)>compomer 
(0.16ppb)>GCF (0.14ppb). Minimal amount 
arsenic was detected in TGI and RMGI at 
0.38ppb and 0.10ppb, respectively. The lead 
and arsenic release were negligible, and were 
considerably lower than in previous studies 
[7,8,10]. 

Camilleri et al. [7] identified lead and arsenic 
in five different dental cements kept in two 
different solutions (acid and Hank’s balanced 
salt solution). They stated that the quantity of 
acid-extractable trace elements was high for 
most of the materials tested, but little was 
released in the balanced salt solution [7]. They 
reported that arsenic concentrations were 
0.08–52.5mg/kg and lead concentrations were 
0.03–14.5mg/kg. Simsek et al. [10] investigated 
the accumulation of trace elements, such as 
lead and arsenic, inside the organs of rats using 
three different dental materials (Mineral 
trioxide aggregate, BioAggregate and 
Biodentine). They found both arsenic (0.9–
21.9µg/kg) and lead (0.4–2.9µg/kg) release 
from all materials, and detected these 
substances in the brain, kidney and liver of rats 
[10]. Similarly, Jang et al. [8] evaluated the 
release of nine heavy metals from three dental 
materials, and reported lead (1.1–1.9ppb) and 
arsenic (0.1–9.3ppb) release from all materials. 
The researchers concluded that cements were 
reliable materials for dental treatment. 

Electrical conductivity is closely correlated 
to the number of ions in the solution. In this 
study, RMGI had the highest electrical 
conductivity. The lowest pH was observed in 
the compomer, whereas the other groups had 
similar pH values. Setting occurs in TGIs 
chemically, in RMGIs with light, and in GCF 
with both light and heat. These differences may 
have affected the amounts of elements released 
from the glass ionomers and their electrical 
conductivity and pH. 

 
Conclusion 

 This study demonstrated that all dental 
materials tested – glass ionomers, glass 
carbomer and compomer – released some 
heavy metals and trace elements, but the 
amounts were quite low. Therefore, these 
materials should be considered safe to use. The 
composition and chemical and physical 
characteristics of glass ionomers are important 
for release of elements, pH, and electrical 
conductivity. The type of setting (chemical, 
light or light and heat) and mixing time of glass 
ionomers can also have an impact on the 
release of elements. There is a need for further 
studies, using different materials, different 
periods of experimentation and storage media.  
 
Author Contributions (CRediT Taxonomy)  
Conceptualization: BO, EA; Data curation: 
BO; Formal analysis: BO, EA; Investigation: 
BO, EA; Methodology: BO, EA; Resources: 
BO, EA; Software: BO, EA; Supervision: BO; 
Validation: BO; Visualization: BO, EA; 
Writing – original draft Preparation: BO, EA; 
Writing – review & editing: BO. 
 
Disclaimer/Publisher’s Note 
All responsibility rests with the authors. 
 
Acknowledgments  
The authors thank the Samsun Public Health 
Directorate for laboratory services and Samet 
Hasan Abaci for his guidance on statistical 
analysis. 
 
Conflict of interest 
None to declare. 
 
Funding 
No external funding was received. 
 
Policy on the Use of Artificial Intelligence 
(AI) Tools 
The authors did not use artificial intelligence in 
their research. 
 
Generative AI Statement:  



 

Acta Stomatologica Marisiensis 2026;9(1)63-71             ISSN 2601-6877, ISSN-L 2601-6877 (print)  ISSN 2668-6813, ISSN-L 2601-6877 (online)               
 

70 
 

In this study, we partially used ChatGPT, based 
on the GPT-5 mini-model, to improve the 
grammar of the manuscript. 
 
References 
 
1.E DS, Paulraj J, Maiti S, Shanmugam R. Comparative 
analysis of color stability and ıts ımpact on artificial 
aging: an ın vitro study of bioactive chitosan, titanium, 
zirconia, and hydroxyapatite nanoparticle-reinforced 
glass ıonomer cement compared with conventional 
glass ıonomer cement. Cureus. 2024; 
20;16(2):e54517.  
2.Kelić M, Kilić D, Kelić K, et al. The fluoride ıon release 
from ıon-releasing dental materials after surface 
loading by topical treatment with sodium fluoride gel. 
J Funct Biomater. 2023;13;14(2):102.  
3.Wongphattarakul S, Kuson R, Sastraruji T, Suttiat K. 
Fluoride release and rechargeability of poly(lactic acid) 
composites with glass ıonomer cement. polymers 
(Basel). 2023;10;15(20):4041.  
4.Okte Z, Bayrak S, Fidanci UR, Sel T. Fluoride and 
aluminum release from restorative materials using ion 
chromatography. J Appl Oral Sci. 2012;20(1):27-31.  
5.Gjorgievska E, Nicholson JW, Gjorgovski I, Iljovska S. 
Aluminium and fluoride release into artificial saliva 
from dental restoratives placed in teeth. J Mater Sci 
Mater Med. 2008;19(10):3163-67.  
6.de Oliveira Roma FRV, de Oliveira TJL, Bauer J, 
Firoozmand LM. Resin-modified glass ionomer 
enriched with BIOGLASS: Ion-release, bioactivity and 
antibacterial effect. J Biomed Mater Res B Appl 
Biomater. 2023;111(4):903-11.  
7.Camilleri J, Kralj P, Veber M, Sinagra E. 
Characterization and analyses of acid-extractable and 
leached trace elements in dental cements. Int Endod 
J. 2012;45(8):737-43.  
8.Jang YE, Lee BN, Koh JT,et al. Cytotoxicity and 
physical properties of tricalcium silicate-based 
endodontic materials. Restor Dent Endod. 
2014;39(2):89-94.  
9. Pushpalatha C, Dhareshwar V, Sowmya SV, et al. 
Modified mineral trioxide aggregate-a versatile dental 
material: an ınsight on applications and newer 
advancements. Front Bioeng Biotechnol. 
2022;9;10:941826.  
10.Simsek N, Bulut ET, Ahmetoğlu F, Alan H. 
Determination of trace elements in rat organs 
implanted with endodontic repair materials by ICP-
MS. J Mater Sci Mater Med. 2016;27(3):46.  
11.Nicholson JW, Sidhu SK, Czarnecka B. Enhancing 
the mechanical properties of glass-ionomer dental 
cements: A review. Materials. 2020;13: 2510. 
12.Nicholson JW, Coleman NJ, Sidhu SK. Kinetics of ion 
release from a conventional glass-ionomer cement. J 
Mater Sci: Mater Med 2021;32:30.  

13.Chang SW, Shon WJ, Lee W, Kum KY, Baek SH, Bae 
KS. Analysis of heavy metal contents in gray and white 
MTA and 2 kinds of Portland cement: a preliminary 
study. Oral Surg Oral Med Oral Pathol Oral Radiol 
Endod. 2010;109(4):642-6.  
14.McKenzie MA, Linden RW, Nicholson JW. The 
physical properties of conventional and resin-
modified glass-ionomer dental cements stored in 
saliva, proprietary acidic beverages, saline and water. 
Biomaterials. 2003;24(22):4063-9.  
15.Brenes-Alvarado A, Cury JA. Fluoride release from 
glass ıonomer cement and resin-modified glass 
ıonomer cement materials under conditions 
mimicking the caries process. Oper Dent. 
2021;1;46(4):457-66.  
16.Arbova DL, Tolmachev SY, Brockman JD. A multi-
collector ICP-MS method for quantification of 
plutonium, uranium, and americium in hair and nails 
of occupationally or medically exposed individuals. 
Talanta. 2024;1;270:125607.  
17.Yalçın SS, Çak T, Yalçın S. Lower strontium in two 
different body matrices in neurodevelopmental 
disorders: A preliminary report. J Trace Elem Med Biol. 
2020;62:126553.  
18.Kashyap PK, Chauhan S, Negi YS, Goel NK, Rattan S. 
Biocompatible carboxymethyl chitosan-modified glass 
ionomer cement with enhanced mechanical and anti-
bacterial properties. Int J Biol Macromol. 
2022;31;223(Pt A):1506-20.  
19. Das N, Raymick J, Sarkar S. Role of metals in 
Alzheimer's disease. Metab Brain Dis. 
2021;36(7):1627-39.  
20.Shawahna R, Jaber M, Maqboul I, Hijaz H, Alawneh 
A, Imwas H. Aluminum concentrations in breast milk 
samples obtained from breastfeeding women from a 
resource-limited country: A study of the predicting 
factors. Biol Trace Elem Res. 2024;202(1):1-8.  
21.Duydu Y, Başaran N, Bolt HM. What can we learn 
from epidemiological studies on chronic boron 
exposure? Crit Rev Toxicol. 2023;53(3):168-80.  
22.Uluisik I, Karakaya HC, Koc A. Corrigendum to "The 
importance of boron in biological systems" J Trace 
Elem Med Biol. 2019;55:215.  
23.Khandaker M, Vaughan MB, Morris TL, White JJ, 
Meng Z. Effect of additive particles on mechanical, 
thermal, and cell functioning properties of 
poly(methyl methacrylate) cement. Int J 
Nanomedicine. 2014; 27;9:2699-712.  
24.Skrajnowska D, Bobrowska-Korczak B. Role of zinc 
in ımmune system and anti-cancer defense 
mechanisms. Nutrients. 2019;22;11(10):2273.  
25.Huang J, Hu L, Yang J. Dietary zinc intake and body 
mass index as modifiers of the association between 
household pesticide exposure and infertility among US 
women: a population-level study. Environ Sci Pollut 
Res Int. 2023;30(8):20327-36.  



 

ISSN 2601-6877, ISSN-L 2601-6877 (print)  ISSN 2668-6813, ISSN-L 2601-6877 (online).             Acta Stomatologica Marisiensis 2026;9(1)63-71              
 

71 
 

26.Rasool A, Muhammad S, Shafeeque M, et al. 
Evaluation of arsenic contamination and potential 
health risk through water intake in urban and rural 
areas. Human and Ecological Risk Assessment (HERA). 
2021;27(6): 1655-70.  

27.Dong J, Li X, Kelly FJ, Mudway I. Lead exposure in 
Chinese children: Urbanization lowers children's blood 
lead levels (BLLs). Sci Total Environ. 
2024;1;923:170910.  

 
 
 
 
Corresponding Author 
Dr. Bilal Ozmen 
Department of Pediatric Dentistry, Faculty of Dentistry, 
Ondokuz Mayis University 55520, SAMSUN, TURKIYE  
E-mail: bilalozmen@omu.edu.tr 
 
 
 
 
Received: November 28, 2025/ Accepted: March 29, 2026


	This study was approved by the Institutional Ethics Committee of Albanian University (02.06.2019), Tirana, Albania, according to national regulations.
	Microbiological Findings
	Qualitative microbiological analysis, illustrated in Table 2, showed that all patients presented non-pathogenic bacterial flora at baseline.
	At three months, a shift toward pathogenic flora was observed in 6 patients (20%) in the metallic bracket group and 12 patients (40%) in the ceramic bracket group.
	Following reinforcement of oral hygiene protocols, most patients showed restoration of non-pathogenic flora at six months. Pathogenic flora persisted in only two patients in the ceramic bracket group.
	Table 2. Microbiological Changes During Treatment
	Patient Satisfaction Outcomes
	1. Kloukos D, Koukos G, Pandis N, Doulis I, Stavropoulos A, Katsaros C. Effect of orthodontic treatment with fixed appliances on the development of gingival recession. A prospective controlled study. Eur J Orthod. 2025;47(3):cjaf022. doi:10.1093/ejo/c...
	2. Di Nicolantonio S, Altamura S, Pietropaoli D, Monaco A, Ortu E. Orthodontic treatment and oral microbiota changes: a systematic review of oral dysbiosis revealed by 16S rRNA gene analysis. Angle Orthod. 2025 Aug 29;96(1):114-124. doi: 10.2319/11272...
	3. Al-Mutairi MA, Al-Salamah L, Nouri LA, Al-Marshedy BS, Al-Harbi NH, Al-Harabi EA, Al-Dosere HA, Tashkandi FS, Al-Shabib ZM, Altalhi AM. Microbial Changes in the Periodontal Environment Due to Orthodontic Appliances: A Review. Cureus. 2024 Jul 12;16...
	4. Roberts WE, Mangum JE, Schneider PM. Pathophysiology of Demineralization, Part II: Enamel White Spots, Cavitated Caries, and Bone Infection. Curr Osteoporos Rep. 2022 Feb;20(1):106-119. doi: 10.1007/s11914-022-00723-0.
	5. Zhao M, Yu C, Su C, Wang H, Wang X, Weir MD, Xu HHK, Liu M, Bai Y, Zhang N. Dynamic effects of fixed orthodontic treatment on oral health and oral microbiota: a prospective study. BMC Oral Health. 2024 Dec 21;24(1):1537. doi: 10.1186/s12903-024-053...
	6. Tripathi V, Assudani N, Alasmari AS, Meher J, Khan SH, Khan SSMN. Comparative Study of Microbial Adhesion on Different Orthodontic Brackets - An In Vivo Study. J Pharm Bioallied Sci. 2023 Jul;15(Suppl 2):S1270-S1273. doi: 10.4103/jpbs.jpbs_128_23.
	7. Kreve S, Dos Reis AC. Effect of surface properties of ceramic materials on bacterial adhesion: A systematic review. J Esthet Restor Dent. 2022;34(3):461-472. doi:10.1111/jerd.12799.
	8. Barcellos Fernandes R, Bárbara Polo A, Novaes Rocha V, Willer Farinazzo Vitral R, Carolina Morais Apolônio A, José da Silva Campos M. Influence of orthodontic brackets design and surface properties on the cariogenic Streptococcus mutans adhesion. S...
	9. Anhoury P, Nathanson D, Hughes CV, Socransky S, Feres M, Chou LL. Microbial profile on metallic and ceramic bracket materials. Angle Orthod. 2002;72(4):338-343. doi:10.1043/0003-3219(2002)072<0338:MPOMAC>2.0.CO;2.
	10. Cozzani M, Ragazzini G, Delucchi A, Mutinelli S, Barreca C, Rinchuse DJ, Servetto R, Piras V. Oral hygiene compliance in orthodontic patients: a randomized controlled study on the effects of a post-treatment communication. Prog Orthod. 2016 Dec;17...
	11. Löe H. The Gingival Index, the Plaque Index and the Retention Index Systems. J Periodontol. 1967;38(6):610-616. doi:10.1902/jop.1967.38.6.610.
	12. Wittich L, Tsatsaronis C, Kuklinski D, et al. Patient-Reported Outcome Measures as an Intervention: A Comprehensive Overview of Systematic Reviews on the Effects of Feedback. Value Health. 2024;27(10):1436-1453. doi:10.1016/j.jval.2024.05.013.
	13. Caccianiga P, Nota A, Tecco S, Ceraulo S, Caccianiga G. Efficacy of Home Oral-Hygiene Protocols during Orthodontic Treatment with Multibrackets and Clear Aligners: Microbiological Analysis with Phase-Contrast Microscope. Healthcare (Basel). 2022;1...
	14. Cardoso Mde A, Saraiva PP, Maltagliati LÁ, Rhoden FK, Costa CC, Normando D, Capelozza Filho L. Alterations in plaque accumulation and gingival inflammation promoted by treatment with self-ligating and conventional orthodontic brackets. Dental Pres...
	15. Noori RM, Ahmed OK, Kadhum AS, Yassir YA, Di Blasio M, Russo D, Cicciù M, Minervini G. The Effectiveness of Conventional and Advanced Aligning Archwires: The Insights of Two Randomized Clinical Trials. Eur J Dent. 2025 Oct;19(4):985-997. doi: 10.1...
	16. Moolya NN, Shetty A, Gupta N, Gupta A, Jalan V, Sharma R. Orthodontic bracket designs and their impact on microbial profile and periodontal disease: A clinical trial. J Orthod Sci. 2014 Oct;3(4):125-31. doi: 10.4103/2278-0203.143233.
	17. Radhakrishnan PD, Sapna Varma NK, Ajith VV. Assessment of Bracket Surface Morphology and Dimensional Change. Contemp Clin Dent. 2017 Jan-Mar;8(1):71-80. doi: 10.4103/0976-237X.205045.
	18. Freitas AO, Marquezan M, Nojima Mda C, Alviano DS, Maia LC. The influence of orthodontic fixed appliances on the oral microbiota: a systematic review. Dental Press J Orthod. 2014;19(2):46-55. doi:10.1590/2176-9451.19.2.046-055.oar.
	19. Klaus, K., Eichenauer, J., Sprenger, R., & Ruf, S. (2016). Oral microbiota carriage in patients with multibracket appliances. Head & Face Medicine, 12, 28.
	20. Luchian I, Surlari Z, Goriuc A, Ioanid N, Zetu I, Butnaru O, Scutariu MM, Tatarciuc M, Budala DG. The Influence of Orthodontic Treatment on Periodontal Health between Challenge and Synergy: A Narrative Review. Dent J (Basel). 2024 Apr 17;12(4):112...
	21. Al-Melh MA, Bhardwaj RG, Pauline EM, Karched M. Real-time polymerase chain reaction quantification of the salivary levels of cariogenic bacteria in patients with orthodontic fixed appliances. Clin Exp Dent Res. 2020;6(3):328-335. doi:10.1002/cre2....
	Received: February 20, 2026/ Accepted: April 2, 2026

