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ABSTRACT

Objective: Recently, questions have been raised concerning the potential endocrine disrupting effects of bisphenol
A (BPA). This substance is a constituent in many different products which we frequently come into contact with,
such as food containers and receipts. Resin-based dental filling materials are another source of exposure, although
according to previous studies the amount and potential risks are not clear. Thus, the aims of the present study
were (1) to identify if direct dental filling materials are liable to leak BPA and (2) to investigate if this leakage
could lead to any adverse effects on health.

Materials and methods: A literature search was made with PubMed as the primary source, subsequently com-
plemented with reference tracking.

Results: A total of 26 articles were included, 24 of which were used for the first aim (leakage) and 2 for the second
aim (health risks). The majority of studies, including all in vivo studies, showed leakage of BPA from dental
materials in various amounts and during different time intervals. The findings showed a contradiction in results
regarding the connection between dental materials and adverse health effects.

Conclusions: There is leakage of BPA from some dental materials, but critical levels are not evident. Bis-DMA
contents might convert to BPA in the oral cavity. There is a contradiction between in vitro and in vivo studies
concerning BPA leakage and finally, there is a lack of studies investigating the association between BPA exposure
and its adverse effects on human health.

1. Introduction

The primary cause of exposure to BPA is canned food due to leakage
from the protective lining, followed by the second largest source which is

Among many endocrine-disrupting chemicals, bisphenol A (BPA) is
currently at the forefront of discussion. The substance was synthesized
approximately 100 years ago and in the 1930s it was identified as one
of the first synthetic estrogens [1, 2, 3, 4]. Since the 1950s, BPA has
been used commercially in the manufacture of polycarbonates and
epoxy resins, which are used in a variety of commonly used products.
Polycarbonates are rigid plastics used in toys, water bottles, eyeglass
lenses and compact discs (CDs). Epoxy resins are used in protective
linings in cans, as strong adhesives and in dental sealants [4, 5]. BPA is
also a constituent in thermal paper, such as receipts and fax machine
paper.
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thermal paper [6].

Due to its wide range of uses, people are exposed to this substance
in their daily lives, possibly without being aware of it. More than 90%
of the US population revealed detectable BPA in their urine samples
based on the report and updated tables report by the Centre for Disease
Control and Prevention [7, 8], which demonstrated frequent and
persisting exposure to BPA. In the early 1990s, scientists discovered
BPA leakage from polycarbonates, which provided the starting point
for further research regarding the possible adverse effects this might
have [4]. In 1996, Olea et al. [9] reported a significant leakage of BPA
from dental sealants into the saliva of patients which resulted in
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increased concerns about the potential estrogenicity of dental mate-
rials [3, 10]. Another study followed by Fung et al. [11] showed that
BPA released orally from a dental sealant may not be absorbed or may
be present in nondetectable amounts in systemic circulation. Due to its
structure, pure BPA is an estrogen-mimicking compound (xenoes-
trogen) which can bind to nuclear receptors such as estrogen receptors
(ER) and also to androgen receptor (AR), estrogen-related receptors
(ERRs) and have negative effect on thyroid hormone receptor (THR)
and further to membrane receptors and potentially exert
endocrine-disrupting effects [12].

In a review by Nadal et al. [13] it was stipulated that in the last years
increasing number of studies have demonstrated that BPA can elicit
estrogen-like effects with the same potency as E2 (178-estradiol), chal-
lenging the concept of BPA as a weak estrogen with no effects at low
doses. The review also points out several other important effects by PBA
on pancreatic b-cells affecting insulin production and play a role in dia-
betes mellitus type 2, as well as targeting intracellular Ca®>* promoting
arythmia in female heart.

Exposure to xenoestrogens can affect not only humans but also
wildlife by disturbing their natural processes, such as reproductive
cycles and development and the presence and and bioaccumulation of
BPA in wildlife is being reported from almost the whole world [14].

The monomer bisphenol A glycidyl dimethacrylate (Bis-GMA) is the
most commonly used BPA derivative in epoxy-resin-based dental com-
posites [2]. Bis-GMA is a monomer with methyl methacrylate groups
bound to hydroxyl groups of BPA. Another BPA derivative used in dental
materials is bisphenol A dimethacrylate (Bis-DMA) which, in contrast to
bis-GMA, hydrolyses into BPA by salivary esterase due to structural dif-
ferences between these monomers [2, 15]. Bis-DMA is rarely used in
dental materials [16]. BPA itself does not have a functional role in dental
composites, as it exists as an impurity due to the incomplete
manufacturing process or as a degradation product as per the process
described above [17]. Suppliers often list limited information about the
specific composition of dental materials in their safety data sheets [18].
The European Parliament's regulations state that the producers of dental
materials are only obliged to declare toxic chemicals in concentrations of
0.1%-1%. This concentration is dependent on the compound's level of
toxicity [16]. Dental materials can be marketed as “private labels” which
means that retailers put their own brand on a product manufactured by
another company. This makes it difficult for a user (dentist) to track the
manufacturing process and the actual content of the material [19]. For
example, the manufacturer of a commonly used resin-based root canal
sealer does list BPA as a component in its safety data sheet, but the
amount is not specified [20]. Therefore, it is unclear to the reader
whether the level of concentration is high enough to cause any adverse
effects, or whether a safe level even exists.

Although pure BPA is not a component of dental composite resins
the derivatives of BPA are and in a survey by Dursun E et al [21] a list
was presented of 18 composite resins, out of 130 identified, that
contain no BPA derivative, but no manufacturer reported pure PBA. As
BPA is an endocrine-disrupting chemical, its use is regulated by several
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organizations around the world, for example the European Food Safety
Authority (EFSA) and the U.S. Food and Drug Administration (FDA).
These organizations set restrictions for the use of BPA based on the
results of scientific studies by introducing a tolerable daily intake
(TDI) dose of BPA [22]. In 1988, the Environmental Protection Agency
(EPA) set the first safety standard at 50 pg/kg bodyweight (bw)/day
[4]. EFSA revised this TDI in January 2015 to a considerably lower and
temporary level of 4 pg/kg bw/day, indicating a major uncertainty
regarding the adverse health effects of BPA. EFSA estimates that the
combined dietary and non-dietary exposure for adults is 1.449 ug/kg
bw/day, which is approximately 3 times lower than the current tem-
porary TDI [6]. The aim of the present study was (1) to investigate
resin-based dental materials regarding their BPA content and possible
leakage of the substance after insertion, and (2) to see if adverse health
effects correlated to those materials have been reported in the litera-
ture.

2. Materials and methods
2.1. Search strategy

A review of current literature was carried out using the PubMed
database. The literature search was conducted on 12" February, 2015.
“MeSH terms” and “free-text words” were used as search terms. The
keywords used were: bisphenol A, bisphenol A epoxy resin, diglycidyl
bisphenol A ether, endocrine disruptors, estrogens, resin composites, pit
and fissure. Besides database searches, reference tracking was also used
to search for studies.

An update of the literature search was carried out on 20 September,
2017, using the same database and search terms.

2.2. Inclusion and exclusion criteria

No publication date limit was used for the primary literature search
or the following reference tracking. Further inclusion criteria were
studies which only analyzed leakage (or synonyms thereof) of BPA
from an oral environment or in vitro, as well as health effects caused
by this leakage. Exclusion criteria were reviews and studies on ani-
mals. The direct dental filling materials included in this review are
resin-based composites and pit and fissure sealants. Other resin-based
dental materials such as root canal sealer and orthodontic adhesives
were excluded.

2.3. Other

A report by the Swedish National Board of Health and Welfare
(Socialstyrelsen) was used as support for detailed information in Ta-
bles 1, 2, and 3 [23] (see Fig. 1).
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2.4. Search results

Resin composites - Potentially relevant
publications: 21
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Pit and fissure sealants - Potentially
relevant publications: 38

-_1_1“-

Pomemlally relevant abstracts: 9

I

Potentially relevant abstracts: 32

-_1

l—’-

Potentially relevant full-text articles: 4 ] [ Potentially relevant full-text articles: 14

-—l

1—-

Original articles included: 4

|

Original articles included: 14

4

Reference lists: 87

Abstracts: 56

Reference lists: 64

I<—

Original Original
studies studies
included: 7 included: 4

Original
studies
included: 14

Original
studies
included: 0

Studies included: 11

Studies included: 14

1 study added after
updated search

September 2017

l

Total number of studies included: 26

Fig. 1. Search strategy and results, search table modified after Papia et al [66].

3. Results

A total of 24 studies analyzing the elution of BPA from resin com-
posites and pit and fissure sealant materials were selected for this review
[9, 11, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41,
42, 43, 44, 45].

3.1. Studies showing no leakage of BPA

Using high performance liquid chromatography (HPLC), Hamid et al.
[25] analyzed seven light-cured pit and fissure sealants to identify the
components released. Fissure-sealed extracted molars incubated in water
were used in the study. No detectable amount of BPA was found in any of
the eluates. The authors also stated that the present data does not prove
the absence of BPA leakage, but if there was a release, it was below the
detection level.

Seven light-cured pit and fissure sealants were also analyzed by
Nathanson et al. [43] with regard to the elution of BPA in vitro. Each
sample was light-cured, placed in ethanol for 4 minutes and thereafter
removed. The solutions were analyzed and no detectable amount of BPA
was found. Geurtsen et al. [26] investigated four types of light-cured pit
and fissure sealants in order to determine their composition and their
cytotoxicity. The results showed that different components of the mate-
rial, such as co-monomers and initiating substances, leaked into water.
However, no BPA, which is easy to detect by means of gas
chromatography-mass spectrometry (GC/MS), was found. In their report,
Koin et al. [27] studied the degradation of dental composites in vitro.
They stored a Bis-GMA-coated surface in distilled water for two weeks.
HPLC did not find any detectable amounts of BPA but did find intact
Bis-GMA and other BPA derivatives. It was stated by the authors that, due
to the BPA content in these degradation products, health concerns might
arise. The water sorption and solubility of six resin composites were
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Table 1
In vitro studies showing no leakage of BPA.
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Study Method Solvent Time DL Material Detectable amount of BPA
QL

A study of component HPLC water 24 h (several time DL:0.07-0.09 Concise™, Ultraseal®, Pit and ND
release from intervals pg/ml Fissure Sealant, Prisma Shield
resin pit and fissure were tested) Compules®, Helioseal°F, Delton®
sealants in vitro, (Ash Dent GER), Delton®
Hamid et al., 1997 (Johnson & Johnson)

In vitro elution of leachable HPLC-UV ethanol 4 minutes - Delton®, Concise™, Helioseal®, ND
components from /VIS Prisma®:Shield, Seal-Rite™ I
dental sealants, (BIS-GMA), Seal-Rite™ II
Nathanson et al., 1997 (UDMA), Defender™

Variability of cytotoxicity and GC/MS water 24 h Fissurit“F, Helioseal®, Visioseal™, ND
leaching of substances Delton® Plus
from four light-curing pit
and fissure sealants,
Geurtsen et al., 1999

Analysis of the degradation of a HPLC, LC/MS water 2 weeks Bis-GMA ND
model dental composite,
Koin et al., 2008

Water sorption and solubility HPLC water 4h Alcaglass, C&B™Cement, Sono-Cem, ND
of dental composites 24 h Targis®, TPH Spectrum®, Vario-link® II ND
and identification of monomers 7 days ND
released in an 60 days ND
aqueous environment, 180 days ND

Ortengren et al., 2001

ND: Not detected, DL: Detection limit, QL: Quantification limit, h: hour.

investigated by Ortengren et al. [46]. The test was carried out using HPLC
to analyze the eluted monomers after storage times ranging from 4 hours
to 180 days. No detectable quantities of BPA were found during the test
period.

3.2. Studies showing leakage of BPA

In an in vivo study, Chung et al. [29] investigated the relationship
between urinary BPA concentrations and the presence of composite
restorations or sealants in 496 South Korean children. Urine samples
were collected and analyzed to measure the BPA concentration. They
concluded that having many dental composite filling surfaces may in-
crease the urinary BPA concentration compared to few or no filled sur-
faces. Arenholt-Bindslev et al. [30] placed clinically appropriate amounts
of either Delton® LC or Visio-Seal™ pit and fissure sealant in eight
healthy male volunteers and measured BPA in saliva samples collected
from the subjects at various intervals. The authors only found BPA in
samples collected immediately after placement of Delton® LC. Fung et al.
[11] applied the dental sealant Delton® LC to the teeth of 40 adults with
no history of fissure sealants or composite resin fillings. The results
showed that BPA was only detectable in some of the saliva samples
collected at 1 and 3 hours after insertion. No detectable amounts of BPA
in blood samples suggest no or undetectable quantities of systemic cir-
culation absorption. Sasaki et al. [31] analyzed changes in the salivary
BPA concentration linked to the placement of a composite filling in 21
subjects. Saliva samples were collected before and immediately after
placement, as well as after gargling with tepid water. All samples showed
a higher concentration of BPA immediately after placement of the filling
compared to baseline but the concentrations declined significantly after
gargling. The authors concluded that efficient gargling may reduce the
risk of BPA exposure. In a case control study, Han et al. [32] investigated
the relationship between the number of tooth surfaces with sealant/resin
fillings and the amount of BPA in saliva. They collected saliva samples
from 124 children, 50 % of whom formed the control group with no
dental fillings and the remaining 50 % of whom had more than four
surfaces filled. Due to the positive correlation that was discovered, the
authors suggested that there might be a connection between dental
sealant/resin fillings and salivary BPA levels. Lee et al. [42] measured
changes in the BPA level in saliva associated with composite resin
restoration using ELISA (enzyme-linked immunosorbent assay). The

participants were 30 volunteers who received one or several composite
restorations. Saliva was collected before and after the filling procedure.
The results showed an increased average level of BPA after 5 minutes
compared to baseline. After 7 days, the amount of BPA detected had
decreased. A higher number of treated surfaces resulted in higher levels
of BPA. Joskow et al. [33] measured the BPA concentration in saliva and
urine after the placement of fissure sealants in 14 men. The fissure sealant
materials used were Delton®LC and Helioseal™ F, the former showing a
low level of BPA exposure and the latter showing negligible exposure.
The authors recorded that the collection of saliva samples probably
reduced the systemic absorption and consequently the measured con-
centrations of BPA in urine. The effects of pit and fissure sealant material
on BPA levels in blood and saliva over time were analyzed by Zimmer-
man-Downs et al. [34]. Saliva and serum samples from 30 randomly
chosen adults, with no previous fillings, were collected at various time
intervals and divided into two groups: low-dose and high-dose samples.
The subjects were treated with either one occlusal sealant or four occlusal
sealants respectively. The results showed that BPA was detected in the
saliva of all the participants at baseline. The concentration of BPA,
however, increased in both groups after applying the sealants and the
level peaked within three hours. In the high-dose group, the peak level of
BPA was more than twice the amount measured in the low-dose group.
No BPA was found in any serum samples. Olea et al. [9] also investigated
the leakage of BPA and estrogenicity of dental sealants and composites
both in vivo and in vitro. Eighteen adults were selected and 12 dental
fissure sealants were applied to their molars. Saliva samples were
collected one hour before and one hour after treatment. BPA was iden-
tified in the post-treatment samples in varying amounts. The components
of uncured resin composites (Tetric®, Charisma® and Pekalux™) and
fissure sealants (Delton®) were analyzed in vitro at different pH levels.
All of the materials showed a leakage of BPA at pH 7.

Durner et al. [35] investigated how the leakage of BPA and other
monomers from three dental composites is affected by bleaching with
Opalescence® tooth whitening system which is based on potassium ni-
trate and fluoride (PF) 15% or PF 35%. Polymerized composite speci-
mens were bleached and thereafter stored in methanol for 24 hours or 7
days. The results showed that bleaching with hydrogen peroxide
increased the elution of the monomers. Specimens bleached with PF 15%
and thereafter stored for 24 hours showed the highest leakage of BPA.

The effect of bleaching on the elution of monomers from dental
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Table 2
In vivo studies showing leakage of BPA.
Study Method Biologic fluid Time DL Material Detectable
QL amount of BPA
Dental composite fillings HPLC-ESI MSMS urine - - Fissure sealant material Highest mean
and bisphenol A among Composite filling conc.: 9.13 pg/g
children: a survey in material and fissure creatinine
South Korea, Chung sealant material Highest mean
et al., 2012 conc.: 2.68 pug/g
creatinine
Time-related bisphenol-A HPLC saliva Oh DL: 0.1 ppm Delton®LC 0.3-2.8 ppm
content and estrogenic 1h QL: 0.3 ppm Visio™Seal ND
activity in saliva 24 h ND
samples collected in Oh
relation to placement of 1h ND
fissure sealants, 24 h ND
Arenholt-Bindslev ND
et al., 1999
Pharmacokinetics of HPLC saliva baseline DL: 5ppb (0.005ppm) Delton® LC ND
bisphenol A released 1h 5.8-105.6 ppb
from a dental sealant 3h 5.8-105.6 ppb
Fung et al., 2000 lday ND
3days ND
Sdays ND
Salivary bisphenol-A ELISA saliva pre-treatment/ - Z100™, Progress, Mean detected:
levels detected by after treatment Palfique®Toughwell, 32.1 ng/ml
ELISA after restoration Metafil Flo, Unifil S, Highest
with composite resin, Beautifil, Xeno®CFII, detected: 60.1
Sasaki et al., 2005 Prodigy™, Clearfil™ST ng/ml
Salivary bisphenol-A ELISA saliva - - existing dental sealant or 0.002-8.305 pg/
levels due to dental resin L
sealant/resin: a case-
control study in Korean
children, Han et al.,
2012
Salivary bisphenol A ELISA saliva immediately - Filtek™ Z350 XT Average amount:
levels and their before 0.15 pg/liter
association with Sminutes 3.64 pg/liter
composite resin 7days 0.59 pg/liter
restoration, Lee et al.,
2016
Exposure to bisphenol A Sensitive saliva pre-treatment - Delton® LC, Helioseal® F Mean value:
from bis-glycidyl isotope-dilution urine immediately 0.30 ng/ml
dimethacrylate-based mass after 1 h 26.5 ng/ml
dental sealants, Joskow spectrometry pre-treatment 5.12 ng/ml
et al., 2006 1h 0.64 pg/g cr*
24 h 8.70 pg/g cr*
1.68 ug/g cr*
Bisphenol A blood and ELISA saliva baseline DL: 0.05 pg/L Delton® Pit and fissure 0.07-6.00 ng/ml
saliva levels prior to 1-3h sealant-Light Cure low-dose group:
and after dental sealant 24 h Opaque 3.98 ng/ml
placement in adults high-dose group:
Zimmerman-Downs et al., 9.08 ng/ml
2010 Return to
baseline
Estrogenicity of resin- HPLC, GC/MS saliva 1 h pre- - Delton® Pit and fissure ND-2123 ng/ml
based composites and treatment sealant
sealants used in 3300-30000 ng/
dentistry, Olea et al., 1 h post- ml
1996 treatment

ND: Not detected, DL: Detection limit, QL: Quantification limit, Baseline = Pre-treatment: Before start of experiment, 1ppm: 1000 ppb, *cr = creatinine, h: hour.

composite materials in vitro was further analyzed by Polydorou et al.
[45]. Two different resin composites were polymerized and thereafter
bleached with one of two different bleaching products (Opalescence®
Xtra® Boost™ or Opalescence® PF™ 15%). BPA was detected in all
samples before and after bleaching. The amount of leached BPA from
Ceram X"was significantly lower in the bleached samples compared to
the control. There was no significant change in the elution of BPA from
Filtek™Supreme XT after bleaching. The amount of leached BPA from
Filtek™Supreme XT was, however, lower than the amount detected in
the Ceram X® samples. The following two studies analyzed how leakage
of BPA was affected by pH and came to the same conclusion. Atkinson

et al. [36] analyzed the conversion rate of BPA, Bis-DMA and TEGDMA in
whole saliva stored at -20 °C or -70 °C. Solutions of the substances were
added to saliva samples collected from subjects with no previous dental
sealants or composite restorations and the mixtures were stored for
various times. The authors also investigated the stability of Bis-DMA
mixed with whole saliva or stored in water at 37 °C. BPA was stable at
all times and at all temperatures, Bis-DMA, on the other hand, was highly
unstable. After incubation for four months at -20 °C, almost all Bis-DMA
was converted to BPA. All samples were stable at -70 °C and only a slight
decrease of Bis-DMA was detected in the water samples. Bis-DMA sam-
ples stored at 37 °C demonstrated a rapid and significant conversion to
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Table 3
In vitro studies showing lekage of BPA.
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Study Method Solvent Time DL Material Detectable amount of
QL BPA

Effect of hydrogen peroxide on the GC/MS methanol 24h - Tetric® Flow PF 15% without/with
three-dimensional polymer Tetric® Ceram bleaching: 2.09 pmol/l/
network in composites, Durner Filtek™Supreme 14.49 pmol/(4.78 pmol/
etal, 2011 XT 1/5.07 pmol/1*) without/

with bleaching: 1.82
pmol/1/11.45 pmol/1
(3.24 pmol/1/7.66 pmol/1
*) without/with
bleaching: 1.70 pmol/l/
12.41 pmol/1 (2.43 pmol/
1/4.62 pmol/1*)

Effect of bleaching on the elution LC-MS/MS saliva 24 h QL: 0.5 pg/ml Filtek™Supreme 0.614 pg/ml
of monomers from modern ethanol 7 days X 1.837 pg/ml
dental composite materials, 28 days Ceram X" 0.580 pg/ml
Polydorou et al., 2009 24h 3.145 pg/ml

7 days 7.149 pg/ml
28 days 3.898 pg/ml

Stability of bisphenol A, GC/MS, HPLC whole saliva up to 4 months QL for BPA: 1 BPA See text below
triethylene-glycol water ng/ml BisDMA
dimethacrylate, and bisphenol A QL for BisDMA: TEGDMA
dimethacrylate in whole saliva, 10 ng/ml
Atkinson et al., 2002 QL for TEGDMA:

500 ng/ml

Elution of bisphenol A from HPLC water up to 7 days (in - Z100™ See text below
composite resin: a model methanol water) up to 28
experiment Imai et al., 2000 days

(in methanol)

Detection of bisphenol-A in dental GC/MS phosphate- 24h - Silux Plus™ Cured material
materials by gas buffered saline Concise™ 91.4 ng/g material
chromatography-mass Teethmate™ 19.8 ng/g material
spectrometry, Manabe et al., 55.5 ng/g material
2000

Release of monomers from LC-MS/MS ethanol 24h QL: 0.5 pg/ml Clearfil™ Photo Mean values
different core build-up materials 7 days Core ND
Polydorou et al., 2009 28 days Clearfil™ DC 1.92 pg/ml

24 h Core Automix 6 pg/ml
7 days Clearfil™Core 5.19 pg/ml
28 days 3.98 pg/ml
24 h 6.14 pg/ml
7 days ND
28 days ND

ND

Long-term release of monomers LC/MS ethanol 24 h to lyear QL: 0.5 pg/ml Ceram X" 5.25 pg/ml
from modern dental-composite Filtek™ ND
materials, Polydorou et al., 2009 Supreme XT ND

Clearfil™ Core

Determination of bisphenol A and GC/MS, HPLC water 24h DL: 0.20 ppm Charisma® pH 7, cured and uncured
related aromatic compounds (0.20 pg/ml), Pekalux 1.4 pg/ml
released from bis-GMA-based QL: 0.23 ppm Polofil 0.6 pg/ml
composites and sealants by high (0.23 pg/ml) Silux-Plus™ 2.8 pg/ml
performance liquid Z-100™ 16.5 pg/ml
chromatography. Pulgar et al., Tetric® 0.3 pg/ml
2000 Brillant™ 12.9 pg/ml

Delton® ND
42.8 pg/ml

Bisphenol-A content of resin HPLC saliva 0.3h-24h DL: 1-10* ppm Bis-GMA Conversion rate: <0.2%
monomers and related 0.3h Bis-DMA for all times
degradation products, Schmalz 1h 44.7%
et al., 1999 2h 73.4%

24h 70.2%
81.4%

ND: Not detected, DL: Detection limit, QL: Quantification limit, PF = Potassium nitrate and fluoride, * = Detected amount after 7 days, h: hour.

BPA, the Bis-DMA concentration decreased from 200 ng/ml to 21.8
ng/ml after 24 hours while the BPA concentration, which was unde-
tectable at baseline, increased to 100 ng/ml. The results also showed that
a lower salivary pH might decrease the leakage of BPA.

Pulgar et al. [41] analyzed BPA release from dental composites and
dental sealants at different pH [1, 7, 10, 16]. The dental materials were
used both in polymerized and non-polymerized form. The authors found
BPA leakage from all samples which increased with a more alkaline pH.

Non-polymerized Charisma® composite showed the highest leakage

amount of BPA (1.8 pg/mg). Imai et al. [37] analyzed leakage of BPA
from a composite resin material in water and methanol at 37 °C. Each
specimen was placed in water and observed at different time intervals
from 5 minutes up to 7 days. They were then transferred to methanol and
observed again for various time intervals, up to 28 days. The result
showed that BPA elutes more rapidly in both water and methanol sol-
vents within three hours. The amount of eluted BPA in water became
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constant after seven days, but when the material was transferred into
methanol, the leakage increased.

In their in vitro study, Manabe et al. [38] demonstrated that GC/MS is
areliable method for detecting BPA in dental materials. This method was
used to detect the elution of BPA from uncured as well as cured dental
bonding agents, dental sealants and dental composites. Three pieces of
polymerized dental sealants or composites were placed in
phosphate-buffered saline for 24 hours and thereafter analyzed using
GC/MS. The authors concluded that these three materials all leached BPA
but in quantities less than 1/1000 of the reported dose (2 pg/kg body
weight/day) required for xenoestrogenisity in vivo. Polydorou et al. [39]
investigated the elution of BPA and other monomers from three dental
composites: one chemically-cured, one photo-cured and one dual-cured.
The cured samples were stored in ethanol and the eluates were analyzed
after 24 hours, 7 days, 28 days and 1 year. No BPA leached from the
chemically-cured material, a small amount of BPA leached from the other
samples, mainly from the dual-cured composite. The results also showed
a slight increase of the eluted BPA with time. In another in vitro study,
leakage of BPA was investigated both from light-cured composite mate-
rials (Ceram X® and Filtek™ Supreme XT) and from chemically-cured
ones (Clearfil™ Core). Polydorou et al. [40] compared the elution of
BPA based on different curing and incubation time. Only one of the
light-cured composite materials (Ceram X®) showed leakage of BPA and
that occurred between day 1 and day 28 but not after 1 year. The curing
time did not have a significant effect on the amount of leaked BPA. G.
Schmalz et al. [24] analyzed the BPA content of different monomers in
fissure sealant materials and their leakage of BPA under different hy-
drolytic conditions using HPLC. They found no BPA release from
Bis-GMA under any of the conditions used. They did find, however, that
the main proportion of Bis-DMA converted to BPA under the same con-
ditions, leading to the conclusion that BPA release is attributed to the
Bis-DMA content of the fissure sealant tested. The conversion was
time-related with a continuous increase in conversion rate from Bis-DMA
to BPA during a 24-hour period.

3.3. Retrospective cross-sectional study

The association between dental sealants and BPA level in urine was
examined by McKinney et al. [44]. Measurements of urinary BPA and
oral examination data were analyzed using data from the 2003-2004
National Health and Nutrition Examination Survey (NHANES). The study
categorized 6-19-year-old children whose BPA measurements were
available. The results showed no statistically significant association be-
tween the number of dental sealants or restorations and urinary BPA
concentrations.

3.4. Studies investigating bisphenol A from dental materials and health

Only two of the studies reviewed analyzed the association between
BPA release from dental materials and its effect on health [1, 47].
Maserejian et al. [1] compared physical development in children with
amalgam or composite fillings over 5 years. The subjects were randomly
selected to receive filling treatment with either one of these two mate-
rials. The authors measured changes in body mass index (BMI), body fat
percentage and growth rate. Their conclusion was that there were no
significant correlations between composite or amalgam fillings and
physical development. Maserejian et al. [47] also analyzed the associa-
tion between Bis-GMA-based composite fillings and psychosocial func-
tions in 534 children. Some of the eligibility criteria were no
psychosocial diagnosis, no amalgam fillings and >2 posterior teeth with
occlusal caries in need of treatment. The participants were randomly
selected to be treated with either amalgam, composite or compomer.
After five years, the children's psychosocial function was followed-up.
The authors concluded that children with higher exposure to
Bis-GMA-based composites showed impaired psychosocial functions, for
example anxiety and depression. There was no correlation between these

Heliyon 5 (2019) e01711

functions and the exposure to amalgam or compomer.
4. Discussion

Leakage of BPA from dental filling materials has been analyzed in
different studies using different methods, with the majority showing a
leakage of BPA in varying amounts. The studies that showed no leakage
were all performed in vitro [25, 26, 27, 46] and no in vivo studies could
confirm this result. This suggests that BPA does leak in an oral environ-
ment, which may be due to salivary enzymatic processes or other envi-
ronmental conditions that could not be mimicked in vitro. The findings
are in accordance with other literature reviews [48].

The use of different investigation methods as well as varying detec-
tion limitations and quantification limits complicates the comparison
process. Only 10 studies have provided information about the detection
and quantification limits used, and there is no consensus in this respect
[11, 24, 25, 30, 34, 36, 39, 40, 41, 45]. Some of the reviewed studies
measured time-dependent elution of BPA. They show a higher elution
immediately after placement of a filling which decreased with time [11,
30, 33, 34, 37]. Meanwhile, the conversion rate from Bis-DMA to BPA
increased continuously [24, 36]. Based on these findings, it is important
to take measures to reduce the initial elution by thorough polishing of the
filling and rinsing the mouth immediately after treatment. The “no touch
technique” should be applied to minimize the clinician's contact with
uncured dental materials in order to avoid possible allergic reactions.
This technique may also indirectly reduce the exposure risk to BPA in the
clinical situation. The “no touch technique” is an established clinical
recommendation [17]. Two of the studies included investigated the
relationship between BPA from dental materials and adverse health ef-
fects. A study by Maserejian et al. was the only study reviewed which
showed a significant positive correlation between BPA from dental
composite restorations and adverse effects on health [47]. The other
study did not find any correlation in this respect. Two studies are not
enough evidence to conclude the effect of BPA leakage on health. Thus,
EFSA claims that there is a need for further studies on BPA and its effect
on health [6]. EFSA published its first report on BPA and its risk char-
acterization from dietary exposure in 2006 [6]. This report gave rise to
establishing the TDI for BPA at 50 pg/kg bw/day, which was based on
several rodent studies showing adverse effects at considerably higher
doses. In 2010, EFSA concluded that there are uncertainties regarding the
possible toxicological effects of BPA due to a lack of scientific evidence.
In late 2011, EFSA published a statement [49] on the French Agency for
Food, Environmental and Occupational Health and Safety (ANSES)
report on BPA [50] due to a discrepancy between this and the 2010 EFSA
report [51]. According to this statement, the main reason for variance is
that ANSES included non-dietary sources in addition to dietary sources as
opposed to EFSA which only included dietary sources. EFSA did state,
however, that there is need for further reviews of new studies in order to
arrive at an accurate conclusion. In EFSA's report from 2015 [6], the
sources for external non-dietary exposure were: thermal paper, air
(inhalation), dust, toys (which may come in contact with the mouth) and
cosmetics. Dental materials were not included as a potential source of
BPA in this report and therefore the results do not provide an accurate
picture of the existing sources.

Due to all the uncertainty regarding the TDI of BPA, the EU restricted
the use of BPA in infant feeding bottles in 2011 as a precautionary
measure [6]. Infants, children and women of childbearing age are all
considered as vulnerable groups for BPA exposure. One of the factors for
this is that infants generally consume a larger amount of food and drink
per body weight than adults, which in turn leads to a higher concentra-
tion of BPA. Some studies analyzed how BPA can affect the fetus through
placental exchange and could cause adverse effects [52, 53]. This is a
reason for women of childbearing age, including pregnant women, to be
considered as vulnerable to this exposure.As previously mentioned,
people are exposed to BPA from different sources in daily life. It can be
anything from receipts to canned food as well as dental materials. EFSA's
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current opinion is that BPA poses no health risks as the exposure levels
are far below the TDI. The studies that these conclusions are based on,
however, do not consider dental materials as a source of BPA exposure.
There may be other unknown sources of BPA which have not been
included in these studies. Based on this, one cannot be sure that our daily
exposure is significantly lower than the TDI. Hypothetically, BPA in a
lower dose may also be part of a cocktail effect in combination with other
endocrine-disrupting chemicals to which we are exposed. This includes a
wide range of substances such as dichloro-diphenyl-trichloroethane
(DDT) synthetic insecticide, pharmaceuticals, dioxin and dioxin-like
compounds, which might act synergistically and lead to unpredictable
adverse effects [54]. The current TDI level of BPA set by EFSA, 4 pg/kg
bw/day, is temporary and until January 2015 it was 50 pg/kg bw/day.
The new TDI is not final due to EFSA awaiting results from an ongoing
long-term rodent study. This indicates the level of uncertainty regarding
the subject. Due to this fact, it is important to limit exposure to BPA
sources, specifically for the vulnerable groups, such as children and
pregnant women [6]. As previously discussed, the European Union (EU)
has already taken measures to restrict the usage of BPA-containing ma-
terials in infant feeding bottles. Meanwhile, EFSA's official statement [6]
is that the daily intake of BPA is far below the TDI. In conclusion, limiting
a child's exposure to BPA is an important precaution. Fissure sealants,
which are frequently used nowadays in a preventative way to reduce the
risk of caries among children, may increase the exposure amount of BPA.
Even though studies indicate a low risk of BPA leakage from sealants, it
should still be a matter of concern, as they are frequently used in children
who are considered a risk group. Based on EFSA's reasoning behind
restricting the use of BPA in feeding bottles, it may be argued that the use
of resin-based sealants should also be discussed. Due to all the un-
certainties regarding the exposure level, it has been suggested as a
legitimate measure to exclude pregnant women from getting composite
restorations unless it is urgent [2]. Considering that the main reason for
placing composite fillings is caries, the best way to decrease the possible
BPA exposure from composites is to prevent the disease in the first place.
In light of the current debate on the daily usage of fluoride from water
and toothpaste etc., it is important not to forget its major preventative
effects on caries disease. Many studies show the positive effects of fluo-
ride in caries prevention [55], so it could be argued that the recom-
mended fluoride usage indirectly decreases the exposure to BPA due to
less need for composite fillings.At present, many of the studies regarding
the endocrine-disrupting properties of BPA are conducted on animals.
Some of the studies showed that BPA exposure correlated with adverse
effects on reproductive as well as non-reproductive systems, including
neurobehavioral development and the endocrine system [56, 57, 58, 59,
60, 61, 62]. However, it is important to consider that the source of BPA
exposure in those studies was not dental materials but pure BPA solvent,
which was administered subcutaneously, intragastrically or orally.

Fenichel et al stated that BPA has been found to leach out from food
and beverage, as well as from dental sealants, and that exposure to
environmental nanomolar concentrations of BPA is ubiquitous and
continuous, via different routes: oral absorption, air, skin. Further; In
humans, free active unconjugated BPA is metabolized by rapid glucur-
ono- orsulfono-conjugation and eliminated via renal clearance and that
BBA is present in the urine and in most bloods, maternal milk or amniotic
fluid [63].

According to the findings by Taylor et al., the route of administration
has no significant effect on plasma BPA levels [64]. Thus, the route of
administration should not be a reason to dismiss the results from studies
using a non-oral route.

In a later study, however, by Gayrard it was showed that BPA can be
efficiently and very rapidly absorbed through the oral mucosa after
sublingual exposure in dogs. This efficient systemic entry route of BPA
may lead to far higher BPA internal exposures than known for BPA ab-
sorption from the gastrointestinal tract [65].

Several factors, including metabolism and exposure per kilogram
bodyweight, need to be taken into consideration before drawing
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conclusions regarding human health based on results from animal
studies. Based on one study [57], the pharmacokinetics in women, female
monkeys and mice are similar; however, the plasma concentration of BPA
in rodents in these studies is substantially higher than the equivalent
concentration in humans. Based on the results of the studies reviewed, it
can be determined whether the dental materials analyzed contain and/or
leak BPA. It would be valuable for the clinician to obtain this information
by reading the safety data sheet. This is not the case, however, since the
current regulation policy set by the European Parliament does not require
that companies fully declare the content of their products [16]. There
might be a reason to re-evaluate the regulations in order to allow care-
givers to consider the true content of materials versus possible risks when
treating their patients.

5. Conclusions

o There is a leakage of BPA from some resin-based dental materials.
However, what constitutes critical levels is not evident.

e Bis-DMA contents in resin-based dental materials might convert to
BPA under different conditions in the oral cavity.

e There is a contradiction between in vitro and in vivo studies con-
cerning BPA leakage from resin-based dental materials. This may be
due to difficulties in mimicking the oral environmental conditions in
vitro.

e There is a lack of studies analyzing the association between BPA
exposure from dental materials and its adverse effects on human
health, and consequently there is a need for further studies on this
matter.
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