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RESEARCH WORK

ABSTRACT

Dental composite resins may release bisphenol-A or similar molecules affecting patient 
health and the environment. 
This study measured bisphenol-A release from three commonly used in patients 
composite resins (Filtek™ Z350 XT, Filtek™ P60, Filtek™ Bulk Fill) immersed in three 
liquid mediums (artificial saliva, 0.001 M lactic acid and 15% ethanol) and assessed the 
changes in the surface micromorphology.The released BPA was measured by HPLC 
at basal time (t=0), 1 h, 1 d, 7 d and 30 d. Topographic analysis of specimens was 
performed by scanning electron microscopy (SEM). The data were analyzed using one-
way ANOVA and Tukey post-hoc test (P < 0.05).
BPA in solution increased significantly in the three DCRs immersed in 0.001 M lactic 
acid at all times. SEM micrographs of the specimen in 0.001 M lactic acid disclosed 
more structural defects than others. 
The surface of the three composite resins was morphologically affected by their 
immersion in all solutions. SEM evidenced that the dental materials underwent erosion 
and cracks with filler particles protruding from the surface. The morphological changes 
in tested dental materials produced by exposure to these solutions are potentially 
dangerous to patients by causing caries, infections, and partial loss of dental material.
KEY WORDS 
Dental composite resin; BPA; Endocrine disruptor; Scanning electron microscopy; 
Liquid Chromatography.
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Bisphenol A released and ultrastructural changes in dental 
composite resins.

Francisca Lillo1, Alejandra Martínez1,2, Luís Bustamante3, Manuel F. Meléndrez4,2,
Cecilia Muñoz1, Teresita Marzialetti5*

INTRODUCTION

Dental composite resins (DCR) consist mainly of inorganic filler 
particles and an organic resin matrix based on various monomers(1,2). 
Its formulations contain one or more base monomers, crosslinking 
dimethacrylates, such as bisphenol A diglycidyl methacrylate (bis-GMA; 
CAS 1565-94-2), bisphenol A ethoxylate dimethacrylate (bis-EMA; CAS 
41637-38-1), triethylene glycol dimethacrylate (TEGDMA; CAS 109-16-0), 
and Urethane dimethacrylate (UDMA)(1). In dentistry, bisphenol-A (BPA) 
is used as a raw material in synthesizing several resin monomers and 
may be found as an impurity in dental materials(3-6). The most frequently 
used monomers synthesized from BPA include bis-GMA, bis-EMA, and 
bisphenol A dimethacrylate (bis-DMA; CAS. 3253-39-2)(7).

A significant amount of research has evaluated the release of monomers 
into the oral cavity and the potential hazardous effects due to monomer 
release or filler leachability from conventional resin composites(5,8-10). 
The potential for cytotoxic, genotoxic and oestrogenic effects of the 
eluted monomers and degradation products (TEGDMA, HEMA, BPA, 
Bis-GMA, among others) raised our concerns(10-14) significantly. Adverse 
health effects such as diabetes(15), coronary artery disease(16), obesity(17), 
disorders of the immune system(18), reproductive disorders(19), behavioural 
and cognitive alterations(11), metabolism disorders, modifications in 

reproductive function (male and female), changed the age of pubertal 
onset(20), breast cancer(21) and carcinogenesis in the prostate(22) are 
associated with exposure to low doses of BPA. The European Food Safety 
Authority (EFSA) proposed a new safety standard of 0.04 nanograms 
per kilogram of body weight per day, compared to the previous interim 
standard of 4 micrograms (4,000 nanograms) per kilogram per day. The 
US Food and Drug Administration (FDA) considers a safe level of 50 
micrograms (50,000 nanograms) per kilogram daily(23).

Previous studies suggested that the liberation of monomers induces 
damage to the DCR surface by physical and chemical causes(24,25). The 
micromorphology of the DCR surface after being immersed in artificial 
saliva, ethanol or acid solution revealed damage with degradation of the 
organic matrix evidenced by erosion like pores and cracks to a big lagoon 
with filler particles protruding from the surface(25-28). 

Therefore, the purpose of this study was (i) to measure BPA release 
from three composite resins immersed in artificial saliva, 0.001 M lactic 
acid and 15% ethanol by high-performance liquid chromatography and 
(ii) to assess the changes in the surface micromorphology of composite 
resins. 

We hypothesized that three DCR commonly used in Chilean patients 
produces significant BPA release over time. The second hypothesis 
implies that these DCR immersed in 0.001 M lactic acid and 15% ethanol 
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release more BPA than those exposed to artificial saliva. The third 
hypothesis points out that BPA releases produce changes in the surface 
morphology over time.

METHODS 

Specimen preparation
DCR Filtek™ Z350 XT (3M ESPE, St. Paul, MN, USA), Filtek™ P60 

(3M ESPE, St. Paul, MN, USA) and Filtek™ Bulk Fill (3M ESPE, St. Paul, 
MN, USA) were tested. Table 1 shows the composition of these resins. 
Twenty-seven disc-shaped specimens, 7 mm in diameter and 2 mm in 
thickness, were prepared for each DCR using a customized cylindrical 
stainless-steel mold. The mold was positioned on a transparent plastic 
strip on a glass plate and then filled with composite material. Specimens 
were built up in 2-mm-thick increments. Then each side of the specimens 
was light-cured for 40 seconds (20 seconds on the top side + 20 seconds 
on the bottom side) using a Led light lamp model D-lux (Diadent, Group 
International, Europe 8v, AS Almere, The Netherlands) with an intensity of 
1100 mW/cm2 close to the specimen surface. A radiometer (HE) was used 
to control the power of the curing unit before and after the light exposition. 

Immersion of specimens in treatment solutions
Twenty-seven specimens from each group were subdivided into three 

subgroups. Specimens of each DCR were individually immersed in a 
glass vial containing 20 mL of storage media artificial saliva (Farmacia 
Ahumada, Santiago, Chile; pH 6.9), 0.001M lactic acid (Merck; pH 4) and 
15% ethanol (Merck KGaA, Darmstadt, Germany; pH 5). The immersion 
periods for each group were baseline time, one h, 1 d, 7d and 30 d at 37 
ºC. 1 mL of each sample saved after immersion was placed in individual 
containers and immediately frozen at -20 ºC until BPA quantification.

Extraction Procedure
We carried out the liquid-liquid extraction by adding 1 mL of 

dichloromethane (Optima, Fisher Scientific) to samples, mixing in a 
Vortex for 30 seconds, and leaving them to decant until reaching two 
phases. After work, 400 µL of the lower phase was emptied into a new 
vial. The organic phase was evaporated entirely under a nitrogen stream 
and reconstituted with 100 µL of a mobile phase of acetonitrile (ACN, 
LiChrosolv®, Merck): water at 60:40.

HPLC analysis
BPA (Sigma-Aldrich, Steinheim, Germany) was used as the reference 

standard to identify the monomer peaks in the chromatograms. Ten 
thousand ppm of BPA was dissolved in methanol (stock solution). The 
stock solution was stored refrigerated at 8±2 °C until use. Calibration 
curve used several dilutions of stock solution (1000, 100, 10, 1, 0.8, 
0.6, 0.3, 0.2, 0.1 ppm). The validation of the analytical method followed 
Małkiewicz et al. procedure(29). 

HPLC identified and quantified residual monomers. We used a 
Shimadzu (Nexera, Kyoto, Japan) equipped with a quaternary pump 
(LC-30AD), a communication module (CBM-20A), and a degasification 
unit (DGU-205R). It also had an autosampler (SIL-30AC), oven (CTO-
20AC) and a diode detector UV-VIS (SPD-M20A). It used a Phenomenex 
C-18 column, 5 μm particle size, 250 mm long and 4.6 mm in diameter; 
it performed at 40 ºC, with an injection volume of 10 μL at 210 nm. We 
worked with two mobile phases: ultrapure H2O (mobile phase A) and 
acetonitrile at 1.0 mL/min (mobile phase B). The gradient elution was: 60% 
to 90% B during 4 min, then 90% to 100% during 1 min and maintained 
during 4 min, then 100% to 60% during 0.1 min and maintained during 8 
min. 

SEM Analysis
Scanning electron microscopy (SEM) is widely used in materials 

science to characterize surface roughness. We studied the surface 
aspects of DCR before and after the experimental protocol using SEM. 
The specimens were mounted on metallic stubs, sputter-coated with gold 
(SPI-Module Westchester, USA), and examined with SEM (JEOL, JSM 
6380 LV, Tokyo, Japan). Specimens were photographed at x100, x1000, 
x2000 and x4000. 

Statistical analysis
The BPA concentration released from DCR was analyzed using a one-

way analysis of variance (ANOVA). Tukey’s post hoc comparison allowed 
us to determine differences at a significance level defined at P < 0.05. We 
used GraphPad Prism software 5.03 (GraphPad Software, San Diego, 
CA, USA) for statistical analysis.

RESULTS 

Artificial saliva immersion
HPLC chromatograms revealed that BPA was undetectable for Filtek™ 

Z350 XT, Filtek™ P60, and Filtek™ Bulk Fill immersed in artificial saliva at 
baseline time, one h, 1 d, 7 d and 30 d.

Lactic acid immersion
Figure 1 shows BPA released from Filtek™ Z350 XT, Filtek™ P60 

and Filtek™ Bulk Fill composite resins immersed in 0.001 M lactic acid. 
The amount of BPA began to be quantifiable by HPLC on the first day 
(1.494±0.217 ppm) of Filtek™ Z350 XT fully immersed in lactic acid. 
By the end of the experiment (30 d), BPA concentration reached up to 
4.219±1.072 ppm. The BPA released in this solvent by Filtek™ Z350 XT 
was the highest of all tested DCR.

For Filtek™ P60, BPA concentration constantly increased over days. 
At 30 d, BPA concentration reached 1.472±0.186 ppm, a third of the 
concentration found for Filtek™ Z350. 

On the other hand, BPA released from Filtek™ Bulk Fill was low up 
to 7 d of exposure (Figure 1). At 30 d, the BPA concentration was 1.416 
± 0,187 ppm. Thus, the maximum concentration of BPA released from 
Filtek™ Bulk Fill was similar to BPA found for Filtek™ P60.

The results obtained from one-way ANOVA and Tukey’s test showed 
that the BPA concentration increased significantly in the three DCR tested 
in 0.001 M lactic acid at the immersion times of 1 d, 7 d and 30 d. 

Moreover, results exhibit a significant increase of BPA released at 30 d 
in 0.001M lactic acid from Filtek™ Z350 XT and Filtek™ Bulk Fill compared 
to BPA released at one h, 1 d, and 7 d, as is shown in Figure 1.

There was a significant difference in the BPA released in 0.001 M lactic 
acid at 30 d from Filtek™ Z350 XT compared with Filtek™ P60 and Filtek™ 
Bulk Fill. 

15% ethanol immersion
Released BPA from the three DCR into the 15% ethanol had a similar 

trend in lactic acid, although BPA concentrations in ethanol solutions from 
Filtek™ Z350 XT and Filtek™ P60 were much higher at 1 d, 7 d and 30 d, 
as shown in Figure 2. Furthermore, in all tested times, BPA concentrations 
from Filtek™ Z350 XT were two-fold higher than from Filtek™ P60 and 
three-fold from Filtek™ Bulk Fill. 

Specimens obtained from Filtek™ Bulk Fill fully immersed in ethanol 
solution revealed BPA concentrations lower than the quantification limit of 
the HPLC-DAD method. 

The results obtained from one-way ANOVA and Tukey’s test showed 
that the BPA concentration increased significantly in the three resins 
tested immersed in 15% ethanol at the immersion times of 1 d, 7 d and 30 
d, as is shown in Figure 2.

Additionally, results revealed a significant increase of BPA released 
at 30 d in ethanol from Filtek™ Z350 XT and Filtek™ P60 compared to 
BPA released at one h, 1 d, and 7 d. However, there was no significant 
difference for BPA removed from Filtek™ Bulk Fill.

Filtek™ Z350 XT in 15% ethanol immersion after 30 d shows a 
significant increase of BPA released compared to Filtek™ P60 and Filtek™ 
Bulk Fill.

Figure 1. BPA concentration in 0.001 M lactic acid solution from Filtek™ 
Z350 XT, Filtek™ P60 and Filtek™ Bulk Fill at basal time, 1 h, 1 d, and 7 
d and 30 d. Different letters indicate significant differences among dental 
composite resins. Multiple comparisons of means were performed using 
Tukey’s test (P < 0.05) significance level. n.q.: no quantified. 
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SEM Analysis 
Representative superficial micro-topography of DCR (control, Figure 

3A-C) and DCR immersed in artificial saliva, 0.001 M lactic acid and 15% 
ethanol after 30 d of storage are presented in Figure 3D-L. Control SEM 
images of Filtek™Z350 XT showed irregular shaped filler particles (Figure 
3A). Filtek™ P60 had round-shaped small and medium particles (Figure 
3B). Filtek™ Bulk Fill contained mostly spherical fillers (Figure 3C).

After immersion in artificial saliva (Figure 3D-F), the surface of the 
three DCR shows matrix decomposition with different degrees of erosion. 
Damage on the composite resin surface was more evident for Filtek™ 
Z350 XT (Figure 3D) than for Filtek™ P60 and Filtek™ Bulk Fill. Several 
filler particles protruded from the surface and voids, suggesting particle 
loss and blankness. Filtek™ P60 showed an irregular surface due to the 
loss of the superficial layer, with spheres protruded, small pits and laminar 
structures perpendicular or oblique to the surface (Figure 3E). Filtek™ Bulk 
Fill exhibited the least harm with slight surface changes such as fewer 
uniform surfaces with resin removal, dislodged particles, cracks, tiny 
pores and protruding filler particles (Figure 3F).

A high level of degradation of the organic matrix is evident after 30 
d of immersion in 0.001M lactic acid (Figure 3G-I). The DCRs had the 
filler particles exposed to the surface. Filtek™ Z350 XT has the most 
altered surface structure with significant loss of the superficial globular 
layer, extensive lagoons, cracks and pits (Figure 3G). The Filtek™ P60 
specimens (Figure 3H) appeared similar to those immersed in artificial 
saliva but had a greater disintegration degree. The presence of filaments 
and protruding spheres can be seen more clearly. Filtek™ Bulk Fill showed 
loss of the surface layer, exposing small polymeric chains detached from 
the composite bulk that gives an irregular appearance; it is also possible 
to appreciate several protruding particles, voids and cracks (Figure 3I).

SEM micrographs of composites surface after immersion in 15% 
ethanol (Figure 3 J-L) presented more structural defects than those 
immersed in artificial saliva but less than those immersed in 0.001 M 
lactic acid. Filtek™ Z350 XT revealed several holes, cracks, roughness 
and protruding particles, confirming a process of surface changes with the 
erosion of the matrix (Figure 3J). Filtek™ P60 showed an irregular surface 
with resin removal, dislodged and protruding filler particles, and voids 
(Figure 3K). Filtek™ Bulk Fill presented a surface having lots of protruding 
filler particles, tiny pits and voids (Figure 3 L).

DISCUSSION

Dental resin materials are one of the primary sources of BPA in patients. 
Pure BPA is not a component of DCR. Still, the synthesis of dental resin 
materials widely uses some derivatives of BPA. For example, bisphenol A 
diglycidyl methacrylate (bis-GMA), bisphenol A dimethacrylate (bis-DMA), 
polycarbonate-modified bis-GMA (PC bis-GMA), ethoxylated Bisphenol A 
glycol dimethacrylate (bis-EMA), and 2,2-bis[(4-methacryloxy polyethoxy)
phenyl]propane (bis-MPEPP)(2,4). BPA could be released from DCR as an 
impurity in synthesizing resins (monomer trapped in polymers matrix) or 
by chemical reaction under particular conditions(5,6). 

The main goal of the current in vitro study was to measure the BPA 
released from Filtek™ Z350 XT, Filtek™ P60 and Filtek™ Bulk Fill immersed 
in artificial saliva, 0.001M lactic acid and 15% ethanol. According to the 
first hypothesis, Filtek™ Z350 XT, Filtek™ P60, and Filtek™ Bulk Fill release 
BPA over time. This hypothesis was partially accepted since BPA was not 

detected in any DCR from artificial saliva. BPA released over time from 
tested DCR agreed with Małkiewicz et al.(29) and Marzouk et al.(30). 

The second hypothesis was entirely accepted since a significant 
difference in BPA concentration was quantified in 0.001M lactic acid and 
15% ethanol for all DCR. 

Hydrophilic materials, such as bis-GMA and TEGDMA, featured higher 
degradation by water -or aqueous solutions- sorption and solubility than 
hydrophobic materials, such as bis-EMA and UDMA(31,32). The organic 
phase of Filtek™ Z350 XT contain bis-GMA, UDMA, TEGDMA and bis-
EMA, Filtek™ P60 has bis-EMA, UDMA and TEGDMA, and Filtek™ Bulk 
Fill contain AUDMA, UDMA and DDMA. Differences in composition 
summarized in Table 1 may explain their behavior in releasing BPA. 

Hydrogens attached to oxygen or nitrogen can engage in intramolecular 
and intermolecular hydrogen bonding interactions depending on the 
monomer structure. The strength of any specific hydrogen bonding 
interaction generally increases in relationship with the basicity of the 
lone pair acceptor and the acidity of the hydrogen bond donor(33). The 
OH groups, such as in bis-GMA, bis-EMA and TEGDMA, or NH groups, 
such as in UDMA, can form hydrogen bonds with ether or carbonyl 
functional groups affecting the hydrophilic character associated with the 
corresponding polymers. Hydrophilic matrix favored water sorption and 
subsequently higher matrix softening(26). Water sorption initially caused 
a softening of the polymer resin component by swelling the network and 
reducing the frictional forces between the polymer chains. However, 
irreversible damage to the dental material by forming microcracks may 
follow this outcome. DCR may also overcome hydrolytic degradation with 
scission of the ester linkages, releasing free monomers -such as BPA- 
and gradual deterioration of the infrastructure over time(8). 

The amount of BPA released strongly depended on the immersion 
media. When ethanol penetrates the polymer network, it causes an 
expansion of the structure, allowing the release of unreacted monomers 
and causing the breakup of the linear chains of the polymer(34). 
Furthermore, Rehman et al.(8) reported that DCR stored in ethanol 
significantly reduced the mechanical properties of DCR -tensile strength- 
compared to artificial saliva, in agreement with our outcomes. Recently, 
De Nys et al.(35) reported that BPA eluted continuously in pure ethanol 
from all four tested composites for one year. BPA elution was higher when 
ethanol was used as an extraction solution than pure water. Although De 
Nys’s findings align with ours, they use pure ethanol and water, moving 
away from an in-vivo situation. 

Our finding agrees with Prado et al.(36), who reported that the sorption 
and solubility of composites tested were higher in the alcohol-containing 
immersion media. They also pointed out that hydrophobic matrices, such 
as bis-EMA and UDMA, present in the composition of evaluated resins, 
are also susceptible to chemical reactions by alcohol. 

Alrahlah et al.(37) studied various dental monomers’ physical and 
mechanical properties after storage in ethanol. TEGDMA added to Bis-
GMA enhanced the hydrophilicity characters of the composite resin, 
which further increased the undesirable water sorption and polymerization 

Figure 2. BPA concentration in 15% ethanol from Filtek™ Z350 XT, Filtek™ 

P60 and Filtek™ Bulk Fill at basal time, 1 h, 1 d, and 7d and 30 d. Different 
letters indicate significant differences among dental composite resins. 
Multiple comparisons of means were performed using Tukey’s test (P < 
0.05) significance level.

Figure 3. SEM micrographs of dental composite resins: the first column is 
Filtek™ Z350 XT, the second column is Filtek™ P60, and the third column 
is Filtek™ Bulk Fill. Control corresponds (A-C), (D-F) artificial saliva, (G-I) 
0.001M lactic acid, and (J-L) 15% ethanol. 

Bisphenol A released and ultrastructural changes in dental composite resins.



22 | Int. J. Inter. Dent Vol. 17(1); 19-23, 2024.

shrinkage. TEGDMA, on the other hand, showed high solubility and 
water sorption and reduced mechanical properties, despite the highest 
conversion, favoring low-molecular-weight oligomers releasing(38). 
TEGDMA and bis-GMA, bis-EMA and UDMA, are present in Filtek™ Z350 
XT. SEM images of Filtek™ Z350 XT (Figure 3J) confirmed significant 
ultrastructural changes after immersion in ethanol.

Lemon et al.(33) reported that bis-GMA engaged in strong hydrogen 
bonding interactions, but UDMA hydrogen bonding was weakest. UDMA 
had a higher degree of conversion (DC) and lower water sorption than 
bis-GMA and TEGDMA. Additionally, TEGDMA has higher hydrophilicity 
than UDMA. Therefore, the higher the DC, the higher the polymerization 
shrinkage, the better the mechanical properties, and the lower the water 
sorption and monomer releasing(39). This observation agreed with our 
results since SEM images of Filtek™ Bulk Fill (Figure 3L) -composed of 
UDMA and AUDMA- showed significant less ultrastructural alteration 
within tested DCR.

According to Losada et al.(40), each lactic acid molecule has three 
potential H bond acceptor atoms and two H bond donor atoms to form 
H bonds between DCR. In contrast, the hydrogen bonding in ethanol 
is limited because there is only one hydrogen with a sufficient positive 
charge. Although we expected more releasing of BPA from specimens 
immersed in lactic acid, our results showed the opposite. Despite this, 
SEM images revealed a high level of degradation of the organic matrix 
after 30 d of immersion in 0.001M lactic acid (Figure 3G-I). The filler 
particles seem to be more exposed in DCR tested. Consequently, we 
suggest that 0.001M lactic acid diluted other compounds in addition to 
BPA. 

There is limited information about the degradation effect of DCR 
immersion in lactic acid; nevertheless, studies reported that the pH 
affects BPA released and provokes ultrastructural changes in dental 
materials. Turssi et al.(41) stated a significant increment in roughness 
in all restoratives investigated after the pH-cycling regimen exposition. 
Pulgar et al.(42) found that BPA, bis-DMA, BADGE, and bis-GMA, among 
other aromatic components, were leached from composites and sealants; 
they also observed that the elution of BPA increased as the pH became 
alkaline. In the current study, pH values of 15% ethanol (pH=5) and 
0.001M lactic acid (pH=4) are similar to explain our outcomes.

All the resins tested that released BPA contained BPA derivatives in 
their composition except Filtek™ Bulk Fill. It is possible but unlikely that 
BPA detected in Filtek™ Bulk Fill could come from contamination, or the 
manufacturer has not mentioned all the ingredients in the safety data 
sheet.

DCR surface study by SEM shows that there were ultrastructural 
changes such as loss of the surface layer, presence of porosities 
of various dimensions ranging from small like honeycombs to large 
undercuts, and exposure of the polymeric matrix. The damages were 
significant in DCR fully immersed in 0.001 M lactic acid and 15% ethanol. 
These observations were consistent with the findings of another research 

groups(25-28). Consequently, the third hypothesis was entirely accepted 
since the surface morphology of DCR changed by their immersion during 
30 d in study solutions.

CONCLUSION

In conclusion, the artificial saliva samples from Filtek™ Z350 XT, 
Filtek™P60 and Filtek™ Bulk Fill did not contain BPA; however, we detected 
but did not identify other compounds. BPA released from Filtek™ Z350 XT 
immersed in 0.001 M lactic acid, and 15% ethanol was significantly higher 
compared with Filtek™ Bulk Fill and Filtek™ P60. 

SEM study demonstrated that their immersion into artificial saliva, 
lactic acid, and ethanol affected the surface of composite resins.
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Product Filler Content 
(% volume) Shade Resin (Organic 

Matrix)
Translucency 

(%) Filler Manufacture

Filtek™ Z350 XT.

(Nanofiller. Anterior 
and posterior) 63.3 A3 Bis-GMA Bis-EMA 

UDMA TEGDMA 35

Zirconia- Silica. 
Nanocluster (0.6-1.4 μm) 
and silica nanoparticles 
(5-20 nm)

3M ESPE, St Paul, 
MN, USA

Filtek™ P60

(Microhybrid. 
Posterior) 61.0 A3 Bis-EMA UDMA 

TEGDMA 37

Zirconia- Silica. 
Nanoparticles, aluminum 
oxide nanoparticles 
(0.01–3.5 μm)

3M ESPE, St Paul, 
MN, USA

Filtek™ Bulk Fill 
(Nanofiller. Posterior) 58.4 A3 AUDMA UDMA 

DDMA 43

20 nm silica, 4–11 nm 
zirconia, ytterbium 
trifluoride filler consisting 
of agglomerate 100 nm 
particles.

3M ESPE, St Paul, 
MN, USA

Bis-GMA: Bisphenol-A Glycidyl Methacrylate. Bis-EMA: Ethoxylated BisPhenol-A Glycidyl methacrylate. UDMA: Urethane Dimethacrylate. TEGMA: Triethylene Glycol 
methyl ether methacrylate. TEGDMA: Triethylene Glycol dimethacrylate. AUDMA: Aromatic Urethane Dimethacrylate. DDMA: 1,12-Dodecanediol dimetacrylate

Table 1: Information and composition of the dental composite resins.

Marzialetti T. y cols.Int. J. Inter. Dent Vol. 17(1); 19-23, 2024



Int. J. Inter. Dent Vol. 17(1); 19-23, 2024. | 23

1. Cramer NB, Stansbury JW, and Bowman CN. Recent advances and developments 
in composite dental restorative materials. J Dent Res. 2011;90(4):402-16. doi: 
10.1177/0022034510381263.
2. Catalán A, Martínez A, Muñoz C, Medina C, Marzialetti T, Montaño M, et al. The 
effect of preheating of nano-filler composite resins on their degree of conversion 
and microfiltration in dental fillings. Polym Bull. 2021;79(29): 10707-22. https://doi.
org/10.1007/s00289-021-03880-x 
3. Van Landuyt KL, Nawrot T, Geebelen B, De Munck J, Snauwaert J, Yoshihara 
K, et al. How much do resin-based dental materials release? A meta-analytical 
approach. Dent Mater. 2011;27(8):723-47. doi: 10.1016/j.dental.2011.05.001.
4. Dursun E, Fron-Chabouis H, Attal JP, Raskin A. Bisphenol a release: survey of 
the composition of dental composite resins. Open Dent J. 2016;10:446-53. doi: 
10.2174/1874210601610010446.
5. Lee JH, Yi SK, Kim SY, Kim JS, Son SA, Jeong SH, et al. Salivary bisphenol 
A levels and their association with composite resin restoration. Chemosphere. 
2017;172:46-51. doi: 10.1016/j.chemosphere.2016.
6. Vervliet P, Siemon De Nys S, Boonen I, Duca RC, Elskens M, Kirsten Van 
Landuyt L, et al. Qualitative analysis of dental material ingredients, composite 
resins and sealants using liquid chromatography coupled to quadrupole time of 
flight mass spectrometry. J Chromatogr A. 2018;1576:90-100. doi: 10.1016/j.
chroma.2018.09.039.
7. Fleisch AF, Sheffield PE, Chinn C, Edelstein BL, Landrigan PJ. Bisphenol A and 
related compounds in dental materials. Pediatrics. 2010;126(4):760-8. doi: 10.1542/
peds.2009-2693. 
8. Rehman A, Amin F, Abbas M. Diametral tensile strength of two dental composites 
when immersed in ethanol, distilled water and artificial saliva. J Pak Med Assoc. 
2014;64(11):1250-1254. PMID: 25831640.
9. Berge TLL, Lyre GB, Jönsson BAG, Lindh CH, Björkman L. Bisphenol A 
concentration in human saliva related to dental polymer-based fillings. Clin Oral 
Invest. 2017;21(8):2561-8. doi: 10.1007/s00784-017-2055-9.
10. Löfroth M, Ghasemimehr M, Falk A, Vult von Steyern P. Bisphenol A in dental 
materials-existence, leakage and biological effects. Heliyon. 2019;5(5):e01711. doi: 
10.1016/j.heliyon.2019.e01711.
11. Itoh K, Yaoi T, Fushiki S. Bisphenol A, an endocrine-disrupting chemical, and 
brain development. Neuropathology. 2012;32(4):447-57. doi: 10.1111/j.1440-
1789.2011.01287.x.
12. The National Institute of Environmental Health Sciences (NIEHS). Endocrine 
disruptors. Accessed March. 19, 2022. Available: http://niehs.nih.gov/health/topics/
agents/endocrine.
13. Fenichel P, Chevalier N, Brucker-Davis F. Bisphenol A: An endocrine and 
metabolic disruptor. Ann Endocrinol (Paris). 2013;74(3):211-20. doi: 10.1016/j.
ando.2013.04.002. 
14. Scientific Committee on Emerging and Newly Identified Health Risks (SCENIHR). 
The safety of the use of bisphenol A in medical devices. 2015. Accessed 18 
February 2021 http://ec.europa.eu/health/scientific_committees/emerging/opinions/
index_en.htm. ISBN 978-92-79-30133-9. 
15. Hwang S, Lim J, Choi Y, Jee SH. Bisphenol A exposure and type 2 diabetes 
mellitus risk: a meta-analysis. BMC Endocrine Disorders. 2018;18(1):81-91. doi: 
10.1186/s12902-018-0310-y.
16. Melzer D, Rice NE, Lewis C, Henley WE, Galloway TS. Association of urinary 
bisphenol a concentration with heart disease: evidence from NHANES 2003/06. 
PLoS One. 2010;5:e8673. doi: 10.1371/journal.pone.0008673.
17. Legeay S, Faure S. Is bisphenol A an environmental obesogen? Fund Clin 
Pharmacol. 2017;31(6):594-609. doi: 10.1111/fcp.12300.
18. Michałowicz J. Bisphenol A: Sources, toxicity and biotransformation. Environ 
Toxicol Pharmacol. 2014;37(2):738-58. doi: 10.1016/j.etap.2014.02.003.
19. Tomza-Marciniak A, Stępkowska P, Kuba J, Pilarczyk B. Effect of bisphenol A on 
reproductive processes: A review of in vitro, in vivo and epidemiological studies. J 
Appl Toxicol. 2017;38(1):51-80. doi: 10.1002/jat.3480.
20. Meeker JD, Ehrlich S, Toth TL, Wright DL, Calafat AM, Trisini AT, et al. 
Semen quality and sperm DNA damage in relation to urinary bisphenol A among 
men from an infertility clinic. Reprod Toxicol. 2010;30(4):532-9. doi: 10.1016/j.
reprotox.2010.07.005. 
21. Wang Z, Liu H, Liu S. Low-dose Bisphenol-A Exposure: a seemingly instigating 
carcinogenic effect on breast cancer. Adv Sci (Weinh). 2017;4(2):1600248. doi: 
10.1002/advs.201600248.
22. Prins SG, Hu W-Y, Shi G-B, Hu D-P, Majumdar S, Li G, et al. Bisphenol A 
promotes human prostate stem-progenitor cell self-renewal and increases in vivo 
carcinogenesis in human prostate epithelium. Endocrinology. 2014;155(3):805-817. 
doi: 10.1210/en.2013-1955.
23. Dunagan C. BPA toxicity debate approaches regulatory decisions at both 

state and federal levels. 14 june 2022 [consulted 15/12/2022]. Available in: https://
www.pugetsoundinstitute.org/2022/06/bpa-toxicity-debate-approaches-regulatory-
decisions-at-both-state-and-federal-levels/#:~:text=The%20FDA’s%20safe%20
level%20is,overall%20evaluation%20of%20BPA%20toxicity.
24. Cuevas-Suárez CE, Meereis CTW, D’Accorso N, Macchi R, Ancona-Meza AL, 
Zamarripa-Calderón E. Effect of radiant exposure and UV accelerated aging on 
physicochemical and mechanical properties of composite resins. J Appl Oral Sci. 
2019;27:e20180075. doi: 10.1590/1678-7757-2018-0075.
25. Özduman ZC, Kazak M, Fildisi MA, Özlen RH, Dalkilic E, and Donmez N. Effect 
of polymerization time and home breleased agent on the microhardness and surface 
roughness of bulk-fill composites: a scanning electron microscopy study. Scanning. 
2019;2019:2307305. doi: 10.1155/2019/2307305..
26. da Silva EM, Goncalves L, Guimaraes JG, Poskus LT, Fellows CE. The diffusion 
kinetics of a nanofilled and a midifilled resin composite immersed in distilled water, 
artificial saliva, and lactic acid. Clin Oral Investig. 2011;15(3):393-401. doi: 10.1007/
s00784-010-0392-z.
27. Voltarelli FR, das Santos-Daroz CB, Alves MC, Cavalcanti AN, Marchi GM. 
Effect of chemical degradation followed toothbrushing on the surface roughness of 
restorative composites. J Appl Oral Sci. 2010;18(6):585-590. doi: 10.1590/s1678-
77572010000600009. 
28. Svizero N da R, Góes AR, Bueno T de L, Di Hipólito V, Wang L, D’Alpino 
PH. Micro-size erosions in a nanofilled composite after repeated acidic beverage 
exposures: consequences of cluster dislodgments. J Appl Oral Sci. 2014;22(5):373-
81. doi: 10.1590/1678-775720130658.
29. Małkiewicz K, Owoc A, Kluska M, Grzech-Leśniak K, Turło J. HPLC analysis of 
potentially harmful substances released from dental filing materials available on the 
EU market. Ann Agric Environ Med. 2014;21(1):86-90. PMID: 24738503.
30. Marzouk T, Sathyanarayana S, Kim AS, Seminario AL, & McKinney CM. A 
systematic review of exposure to bisphenol a from dental treatment. JDR Clin Trans 
Res. 2019;4(2):106-115. doi: 10.1177/2380084418816079.
31. Boaro LC, Gonçalves F, Guimarães TC, Ferracane JL, Pfeifer CS, Braga 
RR. Sorption, solubility, shrinkage and mechanical properties of “low-shrinkage” 
commercial resin composites. Dent Mater. 2013;29(4):398-404. doi: 10.1016/j.
dental.2013.01.006.
32. Schneider LF, Calvante LM, Silikas N, Watts DC. Degradation resistance of 
silorane, experimental ormocer and dimethacrylate resin-based dental composites. 
J Oral Sci. 2011;53(4):413-419. doi: 10.2334/josnusd.53.413.
33. Lemon MT, Jones MS, Stansbury JW. Hydrogen bonding interactions in 
methacrylate monomers and polymers. J Biomed Mater Res A. 2007(3);83:734-46. 
doi: 10.1002/jbm.a.31448.
34. Asmussen E and Peutzfeldt A. Influence of selected components on crosslink 
density in polymer structures. Eur J Oral Sci. 2001;109(4):282-5. doi: 10.1034/j.1600-
0722.2001.00057.x. 
35. De Nys S, Putzeys E, Duca RC, Vervliet P, Covaci A, Boonen I, et al. Long-term 
elution of bisphenol A from dental composites. Dent Mater. 2021;37(10):1561-8 doi: 
10.1016/j.dental.2021.08.005.
36. Prado V, Santos K, Fontenele R, Soares J, Vale G. Effect of over the counter 
mouthwashes with and without alcohol on sorption and solubility of bulk fill resins. J 
Clin Exp Dent. 2020;12(12):e1150-6. doi: 10.4317/jced.57234.
37. Alrahlah A, Al-Odayni A-B, Al-Mutairi HF, Almousa BM, Alsubaie F S, Khan R, et al. 
A low viscosity BisGMA derivative for resin composites: synthesis, characterization, 
and evaluation of its rheological properties. Materials (Basel). 2021;14(2):338-53. 
doi: 10.3390/ma14020338.
38. Pratap B,  Gupta RK,  Bhardwaj B, Nag M. Resin based restorative dental 
materials: characteristics and future perspectives. Jpn Dent Sci Rev. 2019;55(1):126-
38. oi: 10.1016/j.jdsr.2019.09.004. 
39. Barszczewska-Rybarek IM, Chrószcz MW and Chladek G. Novel urethane-
dimethacrylate monomers and compositions for use as matrices in dental restorative 
materials. Int J Mol Sci. 2020;21(7):2644-67. doi: 10.3390/ijms21072644.
40. Losada M, Tran H, Xu Y. Lactic acid in solution: Investigations of lactic acid 
self-aggregation and hydrogen bonding interactions with water and methanol using 
vibrational absorption and vibrational circular dichroism spectroscopies. J Chem 
Phys. 2008;128(1): 014508. doi: 10.1063/1.2806192.
41. Turssi CP, Hara AT, Serra MC, Rodrigues AL Jr. Effect of storage media upon 
the surface micromorphology of resin-based restorative materials. J Oral Rehabil. 
2002;29(9):864-871. doi: 10.1046/j.1365-2842.2002.00926.x.
42. Pulgar R, Olea-Serrano MF, Novillo-Fertrell A, Rivas A, Pazos P, Pedraza V. 
Determination of bisphenol A and related aromatic compounds released from bis-
GMA-based composites and sealants by high performance liquid chromatography. 
Environ Health Perspect. 2000;108(1):21-7. doi: 10.1289/ehp.0010821.

Reference

Bisphenol A released and ultrastructural changes in dental composite resins.


