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Introduction
Compounds that represent estrogen in their effects but not 

necessarily in chemical structure are known as Xenoestrogens [1]. 
Bisphenol A is one such kind with ubiquitous human exposure. It 
was synthesized 100 years ago and was briefly used in the 1930’s 
as a substitute for estrogen until replaced with diethyl-stilbestrol 
(DES) [2,3]. It exists at room temperature as a white solid with a 
mild odour similar to phenol [4] and is a synthetic chemical resin 
used in production of plastic products [5]. Derivatives of BPA 
are components of resin-based sealants and composites used in 
preventive and restorative dentistry. These are liquid monomers 
that polymerize into a solid on chemical or light curing. Incomplete 
polymerisation leads to leaching of BPA from sealants, which is 
thereby released into the oral cavity and systemically absorbed by 
the patient [6]. As saliva inhibits the polymerization of pure BPA 
by causing hydrolysis of the second end hydroxyl groups [7,8] 
BPA glycidyl dimethacrylate (bis-GMA or bowens resin), is most 
frequently used as the base of the resin. Other BPA derivatives used 
in resins include:

a.	 BPA dimethacrylate (bis-DMA)

b.	 BPA diglycidylether (BADGE)

c.	 BPA ethoxylate dimethacrylate (bis-EMA)

d.	 Urethane-modified bis-GMA.

 To maximise the viscosity of the resin, TEGDMA (Triethylene 
glycol dimethacrylate) and UDMA (urethane dimethacrylate) are 
added [7]. Incomplete chemical curing of composites result in some 
residual monomers remaining intact and leaching out of the cured  
resin into the surrounding media [9]. Bis-DMA undergoes hydrolysis 
by salivary enzyme esterases, releasing pure BPA, whereas Bis-GMA  

 
does not undergo this reaction, as its chemical structure prevents 
hydrolysis at the ester linkage [10,11]. Researchers have found an 
estrogenic effect with BPA, Bis-DMA, and Bis-GMA but not with 
TEGDMA, in an estrogen-sensitive cell line—MCF7 [12].

Estrogenicity
Compared to estradiol, Bisphenol-A binds weakly to nuclear 

estrogen receptors, [13] but shows more potent activity at 
nonclassical membrane receptors [14]. Various in vivo studies in 
rats have shown an increase in uterine weight, premature vaginal 
opening, [15] and increased differentiation and proliferation of 
mammary epithelial cells in females on exposure to BPA [16]. Some 
in vitro studies have found BPA and bis- DMA to be estrogenic but 
not bis-GMA [8,17,18]. BPA and bis-DMA were shown to be agonists 
to estrogen, antagonists to androgen, and inhibitors of aromatase 
activity at the receptor level. Mariotti et al. [19,20] has revealed 
an increased uterine wet weight and uterine collagen content in 
ovariectomized mice due to high doses of Bis-GMA [20].

Human Health Risks of BPA
BPA disrupts secretion of gonadotrophic hormones in men, and 

has been associated with recurrent miscarriages in females [21-
23]. The FDA has strictly discouraged the use of BPA-based epoxy 
resins as coatings in packaging for infant formula [24]. However, 
it has been reported that BPA in the ‘low dose’ region from 2.5 to 
2,700 μg/kg bw/day did not produce adverse effects [25].

Evidence For Cytotoxicity of Sealants And Composites
Olea et al. [26] studied the possible estrogenic activity of both 

bis–GMA resin–based composites and sealants. 3 different brands 
of composite resin and 2 batches of a single brand of a dental 
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sealant material were included in the study. Samples of saliva from 
18 subjects treated with 50 mg of a bis-GMA-based sealant applied 
on their molars were collected 1 hr before and after treatment. BPA 
(range 90-931 micrograms) was identified only in saliva collected 
during a 1-hr period after treatment. The authors concluded 
that the use of bis-GMA-based resins in dentistry, contributed to 
human exposure to xenoestrogens. Quinlan et al. [27] investigated 
the potential cytotoxicity of two of the newer dental restorative 
materials, Spectrum composite resin and Dyract AP compomer. 
Assessment of cellular viability indicated that both materials cause 
cell death, with Spectrum being the more toxic. 

An association was observed between inadequate light cure 
and toxicity of restorative materials. Cytotoxic effects and the 
formation of micronuclei were determined in V79 fibroblasts 
after exposure to extracts of modern composite filling materials 
(Solitaire, Solitaire 2, Tetric Ceram, Dyract AP, and Definite). The 
ranking of the cytotoxic effects of the composites according to EC50 
values after a 24-h exposure period was as follows: Solitaire (most 
toxic)=Solitaire 2<Tetric Ceram<Dyract AP<Definite (least toxic). 
The authors suggested that mutagenic components of biologically 
active composite resins should be replaced with more biocompatible 
substances to avoid health risks for patients and dental personnel. 
Pulgar et al. [28,29] studied biphenolic components eluted 
from seven composites and one sealant before and after in vitro 
polymerization using HPLC and gas chromatography/mass 
spectrometry and investigated how pH modifications affect the 
leaching of these components. 

Leaching of estrogenic monomers into the environment by 
Bis-GMA-based composites and sealants in concentrations that 
were estrogenic was confirmed. Nocca et al. [30] evaluated in vitro 
cytopathic effects of a self-curing and a light-curing orthodontic 
composite resin by a cytotoxicity test and reported that the 
examined chemical-cured material is more cytotoxic than the light-
cured one. In a study carried out by Tell et al. [31], the potential 
toxic effects of several orthodontic adhesives (Monolok, Unite, 
One to One, Adaptic, Orthomite) immediately after polymerization 
and at various time intervals up to 2 years after polymerization 
were evaluated. All materials tested showed cytotoxic effects 
immediately after polymerization and the toxic effect decreased 
with time and after polymerization. However, even 2 years after 
the initial polymerization, toxicity was still evident in all adhesives 
except Orthomite. Al-Hiyasat et al. [32] investigated the cytotoxicity 
of 3 types of dental composites. 

Fifteen specimens of the composites and 15 specimens of 
their flowable derivatives were used to determine the compounds 
released from these materials. Flowable derivatives were found to 
be more cytotoxic than traditional composites. In an in vitro study, 
the estrogenic activity of eluates obtained from 24 resin composites 
placed into a steel mould, and 18 chemicals with concentration 
equal to 100 nmol/L identified from the composites tested, were 
examined with the use of the reporter gene assay .They revealed 
estrogenic activity in vitro for six of the 24 composites, and three 

of the 18 constituents: a photo stabilizer (HMBP), a photo initiator 
(DMPA) and an inhibitor (BHT) [33].

Evidence Against Cytotoxicity of Sealants and Compos-
ites 

Fung et al. [34] conducted a study to determine the rate and 
time course of BPA released from a dental sealant (Delton LC) 
when applied at a single 8-mg dose (1 tooth) or 32 mg (8 mg on 
each of 4 teeth) to the teeth of 40 healthy adults with no sealant 
or restorative history . The authors collected saliva (30 milliliters) 
and blood (7mL) specimens from all subjects immediately before 
sealant placement (baseline) and at one hour, three hours, one 
day, three days and five days after sealant placement. BPA was 
detectable in some saliva specimens collected at 1 hour and 3 hours; 
and not detectable in the saliva samples beyond 3 hours or in any 
of the serum specimens. The authors concluded that BPA released 
orally from a sealant may be present in nondetectable amounts in 
systemic circulation. Ortengren [35] assessed the water sorption 
and solubility of 6 proprietary composite resin materials and found 
no detectable quantities of BPA during the test period.

Nomura et al. [36] tested 3 monomers (bis-GMA, urethane 
dimethacrylate and TEGDMA) and 5 polymerization initiators 
(camphorquinone, benzoyl peroxide, dimethyl para toluidine, 
2-dimethylamino-ethylmethacrylate and 1-allyl-2-thiourea) 
commonly used in dental composite resins for estrogenic activity 
and compared these with BPA. The authors found no estrogenic 
agonist activity for any of these 8 monomer and polymerization 
initiators. Zimmerman-Downs et al. [37] examined the effects 
of a widely used pit and fissure sealant material on BPA levels in 
blood and saliva, among both low and high–dose groups over time. 
Salivary BPA concentration levels peaked over a 3 hour period 
following sealant placement and returned to baseline levels within 
24 hours. 

The blood serum did not contain BPA at any point. Authors 
concluded that BPA is not absorbed into the blood circulatory 
system after exposure has occurred from the dental sealant. 
Kostoryz et al. [38], in an vitro study observed that Bisphenol 
A bis (2,3-dihydroxypropyl) ether and bisphenol F bis 
(2,3-dihydroxypropyl) ether were non-mutagenic, non-estrogenic, 
and presented minor cytotoxicity. Manabe et al. [39], using in vitro 
an original method of selective extraction in combination with 
gas chromatography-mass spectrometry, revealed that BPA can 
be released from dental materials, however the leachable amount 
would be less than 1/1000 of the reported dose (2 g/kg body 
weight/day) required for xenoestrogenicity in vivo. An in vitro study 
was carried out by Hamid and Hume, [40] to identify and quantify 
the major components released from any of seven commercially-
available, light-cured pit and fissure sealants using HPLC. TEGDMA 
was present in all eluates from each of the sealants tested whereas 
BisGMA was detected at much lower levels (about one thousand-
fold less) in eluates from one sealant only. Bisphenol-A was not 
detected in any eluates.
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In an in vitro study Lewis et al. [41] identified the release of 
BPA and BPA dimethacrylate from 28 commercial dental products 
using HPLC, and found no measurable released quantities of these 
compounds, except one. The authors concluded that dental resins 
in general do not represent a significant source of BPA. Schmalz 
et al. [42] chemically analyzed the BPA content of different fissure 
sealant resin monomers and their release of BPA under hydrolytic 
conditions, by HPLC. They confirmed that no BPA is released under 
physiologic conditions from fissure sealants based on bis-GMA 
if pure base monomers are used. ADA suggests that the low level 
of BPA exposure that results from dental sealants and composites 
poses no health threat [43]. A “worst” sealant can release 930 
micrograms of BPA. European regulations suggest that a child of 36 
kg can tolerate a daily dose of over 1800 g BPA without any risks 
and a dose of 2500 g can be tolerated by an adolescent. Any acute 
dose of sealant is usually single or distributed, up to a maximum of 
four times.44

Prevention of Sealant Toxicity
Rueggeberg et al. [44,45] used high-pressure liquid 

chromatography to analyze the amount of monomers-Bis-GMA; 
TEGDMA; and Bis-DMA-remaining after a) no treatment (the 
control treatment)b) 20-second rinse with an air-water syringe 
spray c) 20-second manual application of a dry cotton roll d) 
20-second manual application of a wet cotton roll e)20-second 
manual application of a water/pumice slurry with a cotton pellet f) 
20-second application of a water/pumice slurry with a prophy cup 
on a slow-speed hand piece. They concluded that slurry of pumice is 
significantly more effective in removing the oxygen-inhibited layer 
from freshly cured sealants than either an air/water spray or wet 
or dry cotton alone. It has been confirmed that BPA and Bisphenol 
A dimethacrylate (BPA-DM) have proliferative effects in cells with 
high levels of estrogen receptors. However, BPA was not detected in 
American-made sealants, and BPA-DM was detectable in only a few. 

In addition, researchers suggested that the surface layer of the 
sealant can be treated to reduce the possibility of unpolymerised 
BPA-DM being left on the tooth. They concluded that children are 
less likely to be exposed to BPA from sealants than from the ingestion 
of soft drinks or canned food. Sasaki et al. [46,47] investigated the 
changes in the BPA concentration in saliva after restoration with 
9 commercially available composite resins. Authors found that 
much less than 100ng/mL of BPA were contained in the saliva after 
teeth were filled with composite resin, but that gargling with tepid 
water for 30 seconds can remove BPA from the oral cavity, making 
it an important risk management technique. Joskow et al. [48] 
measured BPA in saliva and urine samples collected at prescribed 
intervals after placements of appropriate amount of sealants in 14 
individuals. 

Saliva collection after sealant placement likely reduced systemic 
absorption of BPA from dental sealants. Authors recommended 
that sealants should be used in preventive dental practice. A new 
dimethacrylate monomer SiMA [49] without Bisphenol A (BPA) 
structure has been synthesized and used as base resin of dental 

composite materials with the aim of reducing human exposure 
to BPA derivatives. Extract of composite was used to evaluate its 
cytotoxic effect on humane dental pulp cells, and relative growth 
rate (RGR) was obtained by CCK-8 assay. Authors concluded 
that, SiMA had potential to replace Bis-GMA as base resin of 
dental composite materials. According to recommendations by 
Azarpazhooh and Main [50] the potential for BPA toxicity from the 
dental sealants can be reduced by using a mild abrasive, such as 
pumice, either on a cotton applicator or with a prophylaxis cup and 
having older children and adolescents gargle with tepid water for 
30 seconds. 

Washing the surface of the sealant for 30 seconds with an 
air-water syringe while using suction to remove fluids and debris 
from a child’s mouth further reduces the chance of toxicity. Use 
of a rubber dam to control the operative field would further limit 
potential exposures [2]. To avoid adverse developmental effects, 
after prenatal exposure to BPA, elective use of resin containing 
dental sealants and composite restorations, during pregnancy 
should be minimized, and in cases of necessary application, 
isolation by rubber dam should be used.

Conclusion

Dental practitioners should treat the surface layer of sealant to 
avoid any possibility of unpolymerised BPA remaining on the tooth 
surface. Its exposure should be limited during pregnancy. The use 
of BPA and its derivatives free sealants and composites should be 
encouraged.
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