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During World War II, German researchers de-
veloped a chemical process that could be used to
cure dental methacrylates at room temperature.1,2

Despite initial successes, the clinical results re-
ported during the mid-1950s showed that chemi-
cally cured methacrylate restorations were asso-
ciated with increases in discoloration, recurrent
tooth decay and pulp reactions.3-5 These initial
side effects were attributed to polymerization
shrinkage and monomer leaching.

To reduce polymerization shrinkage, re-
searchers added inert filler particles to the self-
curing methacrylate resin.6,7 To improve strength
and adhesiveness of the resinous restorations,
Bowen8 explored the possibility of using epoxy
resins (diglycidyl ether of bisphenol A) mixed with
silica particles. The in vitro results were promis-
ing, but the presence of moisture inhibited the
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polymerization process of the epoxy resin. To
overcome this problem, Bowen attached methyl
methacrylate groups to the end groups of the
epoxy resin, thereby converting the epoxy resin to
a dimethacrylate.9,10 The experimental outcome
was successful and resulted in a new resin called
bisphenol A glycidyl methacrylate, or BIS-GMA,
or just Bowen’s resin.

Bowen’s resin had some important advantages,
including reduced shrinkage during polymeriza-
tion and the ability to form cross-links (which are
stronger than linear polymers) during polymer-
ization. However, the higher viscosity of BIS-
GMA made it more difficult to add filler to the
monomer and to mix the chemically cured com-
posite. To solve this problem, different monomers
with lower viscosities (for example, triethylene-
glycol dimethacrylate, or TEGDMA) were added

Background. The authors critically surveyed
research dealing with the release of resin components
from dental composites and the potential of these
agents to mimic or disrupt estrogenic cell responses.
Types of Studies Reviewed. The
studies reviewed included those on synthetic methods
used to make bisphenol A glycidyl methacrylate, or
BIS-GMA, and the biological effects of this resin in
cell culture and animals. The estrogenic effect of
bisphenol A was targeted because bisphenol A is
present as an impurity in some resins (BIS-GMA)
and as a degradation product from other resins
(bisphenol A dimethacrylate, or BIS-DMA).
Results. The outcomes of this review revealed

that short-term administration of BIS-GMA and/or
bisphenol A in animals or cell cultures can induce
changes in estrogen-sensitive organs or cells.
However, considering the dosages and routes of ad-
ministration and the modest response of estrogen-
sensitive target organs, the authors conclude that the
short-term risk of estrogenic effects from treatments
using bisphenol A–based resins is insignificant.
Long-term effects need to be investigated further.
Clinical Implications. Commonly used
dental resins should not be of concern to the general
public; however, pharmacological evaluation of den-
tal materials is needed to ensure biologically safe and
therapeutically effective substances.

A B S T R A C T

“If we had a reliable way to label our toys good and bad, it would be easy to regulate technology wise-
ly. But we can rarely see far enough ahead to know which road leads to damnation. Whoever concerns
himself with big technology, either to push it forward or to stop it, is gambling in human lives.”

—Freeman Dyson, “Disturbing the Universe,” 1979

RESEARCH

Copyright ©1998-2001 American Dental Association. All rights reserved.



-C-

CH3

CH3

-O-CC-O-

C=C
H

H

CH3

C = C

CH3
H

H

O O

BIS-DMA

- C - - O -CH2 - C - C 

H H

C = C -C - O - C - C - CH2 - O -

H H

CH3

CH3

OHOH

 - O - C - C = C

CH3

O

H

H
O

CH3H

H

H H

HO OH

Bisphenol  A

BIS-GMA

CH3

CH3

C

tions possible. Carious lesions
could be prevented with
sealants,11 Class IV restorations
and composite veneers could be
placed successfully,12 orthodon-
tic brackets could be bonded,13

and metallic and ceramic con-
structions could be bonded by
using the acid-etching tech-
nique with resin.14 By using
composites rather than silicate

to dilute the highly viscous BIS-
GMA monomer and make it
possible to incorporate more
filler.

Bowen’s composite material
and resin have become more
significant to dentistry than
most other dental innovations.
The combination of these mate-
rials with the acid-etching tech-
nique made new treatment op-

cements, clinicians could in-
crease the longevity of Class III
and V restorations15 and, during
the last few years, more clini-
cians have found that posterior
composites, when placed prop-
erly, can result in acceptable
clinical restorations.16

Considering the enormous
success the dental profession
has experienced with BIS-
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Figure 1. The bisphenol A molecule (top) is estrogenic. Under clinical conditions, esterase present in saliva
can break ester linkages (arrows). If the bisphenol A glycidyl methacrylate, or BIS-GMA, molecule (center) is
attacked by esterase, no bisphenol A will form. However, if the ester linkages of the bisphenol A dimethacry-
late, or BIS-DMA, molecule (bottom) are attacked, bisphenol A can form.
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GMA–based materials, clini-
cians found it somewhat alarm-
ing that some of these materi-
als, such as sealants, were
implicated as being estrogenic.17

One study has shown that con-
taminants from a BIS-
GMA–based sealant altered the
proliferative nature of cultured
human breast cancer cells.17

Olea and colleagues suggested
that the changes in cellular be-
havior were due to the estro-
genicity of bisphenol A and
bisphenol A dimethacrylate, or
BIS-DMA, components found in
some dental sealants (Figure 1);
these components were identi-
fied by mass spectrometry.

Because of the possibility
that some components of mod-
ern dental resins are estro-
genic, and the increasing use of

resin-based materials in dental
practice, the need exists to re-
view and discuss existing facts
regarding these resins and
their safety. Therefore, the goal
of this article is to provide cur-
rent information about the rela-
tionship of dental resin prod-
ucts used in the mouth with
potential toxic effects, with the
primary focus on estrogenic ef-
fects. To accomplish this, we
will explore three principal
areas: BIS-GMA chemistry and
BIS-GMA uses in the mouth;
steroid hormone action in the
body and in the mouth; and
various theories of how bisphe-
nol A–based resins may affect
estrogen-sensitive tissues in
the body. We will also evaluate
the data upon which these the-
ories are based.

CREATING BIS-GMA

As early as 1936, Dodds and
Lawson18 reported the estro-
genicity of some diphenyl com-
pounds containing two hydroxy
groups in para positions. One
such derivative, bearing two
methyl groups and known as
bisphenol A, has been used by
some manufacturers during syn-
thesis of BIS-GMA.10 Because of
the estrogenic effect of bisphenol
A, it seemed reasonable to sus-
pect that at least in some BIS-
GMA–containing materials,
bisphenol A molecules could be
present that could cause an es-
trogenic response.

The BIS-GMA molecule may
not be an estrogen agonist if the
bisphenol A groups present in
the BIS-GMA molecule are ster-
ically hindered and if the
monomer is pure and does not
contain any impurities from the
synthesis. However, this conclu-
sion may not be correct.19 To un-
derstand the potential risks as-
sociated with BIS-GMA, we
must understand both the
chemistry, including synthesis
of BIS-GMA, and the biological
interaction between the bisphe-
nol A molecule (used during the
synthesis of BIS-GMA) and es-
trogen receptors.

Chemistry. In 1965, Bowen
received a patent10 in which the
synthesis of BIS-GMA was de-
scribed. According to that
patent, there were three main
ways to synthesize the
monomer. The first way was
based on attaching methacry-
late groups to hydroxy glyceryl
groups, which, in turn, were
linked to phenoxy groups. When
glacial methacrylic acid was re-
acted with the diglycidyl ether
of a bisphenol and a tertiary
amine was added to catalyze
the above reaction, a BIS-GMA
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Figure 2. The unbound or free hormone enters the cell by diffusion and
binds to macromolecules called receptors. When binding occurs, the re-
ceptor releases an inhibitory protein complex, and the DNA-binding site
of the receptor becomes exposed and ready to bond to the DNA.
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molecule was formed.
An advantage of this synthet-

ic method was that no bisphenol
A was involved in the synthesis
of the BIS-GMA molecule. Any
bisphenol A present in the final
product of synthesized BIS-
GMA was the carryover of unre-
acted impurities from the syn-
thesis of diglycidyl ether of
bisphenol A. Good quality con-
trol measures in manufacturing
resolved this issue without com-
plications, and today manufac-
turers of dental resins prefer
this synthetic method because it
excludes the use of bisphenol A.
Resins manufactured with this
method seldom contain more
than a few parts per million
bisphenol A.

The second synthetic method
proposed by Bowen10 was to con-
dense the sodium salt of bisphe-
nol A with an equivalent
amount of the reaction product
of glycidyl methacrylate and an-
hydrous hydrochloric acid.
During this reaction, sodium
chloride was formed as a
byproduct that could be washed
away. A drawback of this syn-
thesis is that residuals of the
bisphenol A salt are left in the
final product if excess glycidyl
methacrylate is used during the
reaction and if the reaction is
not allowed to be completed.

The third synthetic method,
which Bowen preferred when he
submitted his patent applica-
tion, was to combine two moles
of glycidyl methacrylate with
one mole of bisphenol A. A ter-
tiary amine was added to cat-
alyze the addition of the phe-
nolic hydroxyl groups to the
epoxide groups. A test to deter-
mine the completion of the reac-
tion consisted of mixing a few
drops of the monomer with a
silica powder containing ap-
proximately 2 percent benzoyl

peroxide. This paste was then
placed between two films of
polyethylene and heated to
90 C. If the reaction was not
completed, the paste failed to
harden within 10 minutes.

Problems. From a biological
point of view, several problems
exist with the above syntheses
of BIS-GMA monomer if strict
product control measures are
not performed. The first method
can produce residuals of digly-
cidyl ether of a bisphenol in
dental composites and cause al-
lergic reactions.20,21 Method two
results in residuals that can in-
duce estrogenic effects17 (for ex-
ample, the salt of bisphenol A)
or produce allergic reactions
(for example, glycidyl methacry-
late). Finally, the third method
could leave both glycidyl
methacrylate and bisphenol A
as impurities, causing allergic
and estrogenic effects, respec-
tively, from poorly purified BIS-
GMA resins.

Dental monomers available
on the market fulfill Environ-
mental Protection Agency stan-
dards regarding maximal
bisphenol A content; nonethe-
less, these standards are based
on toxic effects of bisphenol A
rather than on their estrogenic
effects. Hence, the current con-
troversy concerning bisphenol A
revolves around two important
observations: that bisphenol A
can stimulate proliferation in
estrogen-sensitive cell cultures22

and that bisphenol A contami-
nants can be present in dental
sealants.17

THE ESTROGEN FAMILY
AND HOW IT WORKS

Estrone, estradiol and estriol
are the naturally occurring es-
trogen molecules found in hu-
mans. Estradiol is the most po-
tent estrogen and can be

converted metabolically to es-
trone or estriol. Although estro-
gens are produced by both men
(for example, in the testes and
peripheral tissues) and women
(for example, in the ovaries, pla-
centa and peripheral tissues),
estradiol is the most abundant
estrogen found in pre-
menopausal women, while es-
trone is the most abundant es-
trogen in postmenopausal
women and in men.23,24

Estrogens are secreted into
the bloodstream in very low
concentrations and are capable
of regulating differentiation and
growth of selected tissues dis-
tant from the site of secretion.
The mechanism of action of
estradiol25 is thought to begin
with the secretion of the hor-
mone into the bloodstream,
where the unbound or free hor-
mone enters the cell by diffu-
sion and binds to macro-
molecules called receptors
(Figure 2).

Recent evidence suggests
that there are two different es-
trogen receptors. The estrogen
receptor alpha, or ER α, and the
estrogen receptor beta, or ER β,
are found in different tissues in
the body and can act differently
depending on the ligand. When
estradiol is bound to the recep-
tor, it transforms the receptor
to an active configuration, and
the activated receptor-estradiol
complex binds with high affinity
to specific nuclear sites (for ex-
ample, discrete DNA sequences,
the nuclear matrix, nonhistone
proteins and the nuclear mem-
brane), where gene activation
and transcription of messenger
RNA occurs. After the nuclear
interaction, the receptor-hor-
mone complex disassociates,
leaving an unoccupied receptor
and estradiol. Although the reg-
ulation of gene transcription by
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hormone-receptor complexes in
the nucleus appears to be the
major biological action of estro-
gens, these molecules exhibit
other behaviors that are inde-
pendent of the genome.26-29

The principal biological activ-
ities of estrogens in women in-
clude development, growth and
maintenance of secondary sex
characteristics; stimulation of
uterine growth; control of the
pulsatile release of luteinizing
hormone from the central ner-
vous system; thickening of the
vaginal mucosa; and ductal de-
velopment in the breast. In
men, the physiological signifi-
cance of estrogens is largely un-
known, but they may be in-
volved in the regulation of
androgen and estrogen levels as
well as sexual behavior.30

Evidence suggests that sto-
matic tissues in the mouth are
modulated by estrogens.25 For
example, during pregnancy, the
prevalence and severity of gin-
givitis has been reported to be
elevated,31-34 leading to greater
gingival probing depths,31,33,35 in-
creased bleeding on probing or
toothbrushing,34,35 localized gin-
gival overgrowths31,36 and elevat-
ed gingival crevicular fluid pro-
duction.33 The reasons for these
biological changes in the mouth
are multifactorial and probably
result from the actions and in-
teractions of cells and microbio-
ta with estrogens.25

BIS-GMA EPISTEMOLOGY

In many ways, the interest in
BIS-GMA toxicity is rooted in
research that examined the ef-
fects of ecological agents on the
reproductive systems of ani-
mals.37 Since the early 1980s,
the observation that pesticides
such as dichlorodiphenyl-
trichloroethane, or DDT, could
behave in a similar manner as

estrogen has perked interest in
environmental compounds that
stimulate the estrogen receptor.

Estrogen receptors, or es-
trophiles, located in specific tar-
get tissues are known to react
with only a limited number of
structurally related compounds.
Structure-activity relationships
(that is, the physical structure
of the compound and how effec-
tive it is in activating the recep-
tor) for estrogens have shown
selective, high-affinity binding
of steroidal and nonsteroidal
compounds that contain the
phenolic A ring of the cyclopen-
tanoperhydrophenanthrene
structure. Hence, agents con-
taining a phenolic ring, such as
diethylstilbestrol or bisphenol
A, have the ability to activate
estrophiles.

However, not all chemicals
with a phenolic ring possess the
ability to induce estrogenic re-
sponses in biological systems.
Research has shown that biolog-
ical responses to chemicals de-
pend on a number of pharmaco-
logical considerations, including
delivery of the unbound or free
drug in proper concentration to
the site of action, binding and
activation of the receptor, as
well as the amount of time the
free drug spends at the site of
action.38-40

If specific chemicals found in
resin-based materials possess
estrogenic activity, what does
this portend for their applica-
tion in the mouth? The simple
response would be to discontin-
ue their use; however, the ap-
propriate answer is far more
complex, since the risk-to-bene-
fit ratio of any agent introduced
into the mouth must be careful-
ly examined. For example, some
drugs used to control dental
plaque promote calculus forma-
tion and extrinsic staining dur-

ing use.41 Hence, the benefit of
controlling plaque growth must
be weighed against the possibil-
ity of untoward events in the
patient. Two common methods
used to assess drug toxicity in-
volve evaluating the effects of
agents on cells in culture or in
cells found at the site of action
in the body.

Cell culture experiments.
As noted above, BIS-
GMA–based resins contain
many chemicals, including BIS-
GMA and minor amounts of im-
purities such as bisphenol A
and/or diglycidyl ether of
bisphenol A. Other monomers,
such as TEGDMA, BIS-DMA
and bismethacryloyloxy-
ethoxyphenylpropane, are also
added to the BIS-GMA
monomer to change the rheology
of the resin phase. To date, only
one cell-culture experiment has
been conducted to assess the es-
trogenic effects of dental resins,
and it evaluated only one cell
line (obtained from a pleural ef-
fusion derived from a human
breast adenocarcinoma) and a
small number of parameters.17

Taking these limitations into
account, Olea and colleagues17

found that BIS-GMA, by itself,
was unable to stimulate prolif-
eration of breast cancer cells in
culture. In contrast, bisphenol
A was shown to be an estro-
genic compound capable of stim-
ulating the number of cells and
the progesterone receptor con-
tent of breast cancer cells, but
at 2,500 times the concentration
necessary for estradiol to pro-
duce similar effects.22

It is not surprising that re-
cent data have shown bisphenol
A to be a weak estrogen agonist
for either ER α or ER β.42 Using
observed log relative binding
affinity values, researchers
found that bisphenol A bound
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with greater affinity to ER α
than to ER β; however, the
affinity of bisphenol A for either
ER α or ER β was low, as evi-
denced by the fact that it bound
estrogen receptors with an
affinity similar to that of many
androgenic hormones.42

Although the estrogenicity of
BIS-GMA–based dental resins
is not well-defined, in vitro ex-
periments have identified com-
ponents that are released from
such resins. If cured commercial
BIS-GMA–based resins are
stored in organic solvents, small
amounts of TEGDMA, BIS-
GMA and BIS-DMA residuals
have been identified.17,43

Moreover, one of these studies17

found bisphenol A in the sol-
vent, while the other study
could not.43

In recent studies,44,45 similar
resins were stored in distilled
water or artificial saliva, and
TEGDMA was the main sub-
stance detected in the storage
media.44,45 These findings show
that the composition of the
medium (for example, saliva)
surrounding a restoration will
have a significant impact on the
amount of leachable compo-
nents of the resin.

We can conclude that the po-
tential release of bisphenol A
from sealants should vary de-
pending on the amount of time
and the type of medium in
which the sample was incubat-
ed. In the study by Nathanson
and colleagues,43 seven different
sealants incubated in 95 per-
cent ethanol for four minutes
produced no detectable levels of
bisphenol A in the eluate.40

However, in a study by Olea
and colleagues,17 saliva samples
collected one hour after sealants
were placed (approximately 50
milligrams of sealant per sub-
ject) contained variable

amounts of bisphenol A (rang-
ing from 3.3 to 30 micrograms
per milliliter).

It is interesting to note that
one of the collected saliva sam-
ples was able to stimulate cell
proliferation in human breast
cancer cells.17 Notwithstanding
the bisphenol A measured in
the saliva sample, it is well-
known that saliva contains
many other growth factors and
hormones46-48 that may have
been responsible for the prolif-
eration of cells. To determine
the effects of salivary-derived
bisphenol A on cells in culture,
researchers must obtain addi-
tional data from many subjects
to evaluate the responses of the
hormone-responsive cells incu-
bated with aliquots of saliva
samples harvested before and
after the application of BIS-
GMA–based sealants.

In situ experiments.
Experiments initiated on the
benchtop offer valuable infor-
mation about the effect of indi-
vidual agents on specific cells
but often lack the ability to
evaluate the pharmacokinetic
and/or pharmacodynamic prop-
erties and interaction of drugs
with humoral components in a
healthy animal model. In a re-
cent study using a murine ani-
mal model, Mariotti and col-
leagues49 investigated the
physiological and biochemical
effects of commercially used
BIS-GMA to determine if estro-
gen-sensitive reproductive tis-
sues, such as the uterus, could
be stimulated to grow. Their ex-
periments showed these BIS-
GMA solutions to be marginally
estrogenic in the uterus.49 More
specifically, BIS-GMA injected
subcutaneously at concentra-
tions far higher than those
monitored in saliva were unable
to stimulate increases in the

cell number or cell size of repro-
ductive organs in mice, but
were able to stimulate modest
increases in the weight and col-
lagen content of the uterus.49

Practitioners should place
these data into proper perspec-
tive, considering that the route
of administration of BIS-GMA
in mice is different from that in
humans, the concentrations in-
jected were pharmacological in
nature, the duration of the ex-
periment was only three weeks
and the positive results ob-
tained from reproductive tissue
weight and collagen content
were small in comparison with
the effects of a similar dose of
estradiol in mice. The in vivo ef-
fects of BIS-GMA and associat-
ed chemicals may be of even
less consequence when the
amount of chemical components
released from BIS-GMA resins
in the mouth, the duration of
this release and the absorption
of these chemical components
from the gastrointestinal, or GI,
tract are determined. We
should note that the current
data from animal studies sug-
gest that the potentially harm-
ful effects of a short-term expo-
sure to BIS-GMA are
inconsequential.49

Absorption, metabolism
and excretion: pharmacoki-
netics. Questions remain 
concerning the potential long-
term effects of BIS-GMA–based
resins in the human body.
Clinical experience tells us
that sealants and composites
wear over time and that the
worn components, including
bisphenol A–based resin
molecules, are swallowed and
must pass through the GI
tract. What happens during the
absorption of these chemicals
is poorly understood.

Climie and colleagues50
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showed that 80 percent of a sin-
gle oral dose of glycidyl ether of
bisphenol A was eliminated in
the feces and 11 percent in the
urine zero to three days after
administration in mice. These
findings suggest that most of
glycidyl ether of bisphenol A
was not easily absorbed from
the GI tract, but it is unclear if
BIS-GMA and BIS-DMA (BIS-
DMA being another bisphenol
A–based resin present in some
sealants and composites) would
be equally difficult to absorb.

We do know that BIS-GMA
does not dissolve in water easi-
ly,51 but it may dissolve quite
extensively in other solvents,52

such as alcohol and lipids.
Therefore, some BIS-GMA may
be absorbed as a result of its
lipophilic nature, but the
amount of BIS-GMA and BIS-
DMA that is transported from
the intestinal tract to the site of
action depends on a number of
factors, including capillary per-
meability, blood flow, extent of
plasma protein and specific
organ binding, regional differ-
ences in pH, available transport
mechanisms and permeability
characteristics of specific tissue
membranes,53 all of which are
unknown for BIS-GMA and
BIS-DMA.

The estrogenic effect observed
in mice injected with commer-
cial BIS-GMA may be a result of
impurities (bisphenol A and
diglycidyl ether of bisphenol A)
or the biodegradation of BIS-
GMA to bisphenol A. Little is
known about BIS-GMA
metabolism in the human body.
Subcutaneous implant studies
do not suggest that cured BIS-
GMA–containing materials are
toxic, which may indicate that
biodegradation is limited.54

Nonetheless, the metabolic con-
version of BIS-GMA to more ac-

tive compounds may occur
through different enzymatic re-
actions. We know that enzymes,
such as esterases, attack dental
composite resins.55 These pro-
teins catalyze the hydrolyses of
ester linkages. Researchers be-
lieve that they function by at-
taching to the molecule at a spe-
cific molecular site, so that the
electrostatic forces of nearby
atoms sharply reduce the energy
needed to cleave and re-form the
appropriate chemical bonds. 

Munksgaard and Freund55 in-
cubated a variety of dental
resins (diethyleneglocodi-
methacrylate, urethane-
dimethacrylate, TEGDMA,
decylmethacrylate, laurylmetha-
crylate, BIS-GMA and 2-hydrox-
ypropylmethacrylate) with
porcine liver esterase. They
found that methacrylic acid, or
MAA, was released as a byprod-
uct, suggesting that the resins
were hydrolyzed. Of all the
resins, BIS-GMA released the
least MAA, suggesting that the
hydroxy group present in BIS-
GMA forms a steric hindrance,
thereby making it more difficult
for the esterase to attack this
molecule. From this study, one
can conclude that a hydrolase
(porcine liver esterase) was able
to catalyze the hydrolysis of
monomethacrylates and
dimethacrylates in the polymer-
ized and unpolymerized state,
and that the hydrolytic process
would increase the hydrophilici-
ty of the resin surface.

Because of the possibility that
esterase may degrade some den-
tal resins, we suspected that
some of the findings presented by
Olea and colleagues17 related to
the presence of BIS-DMA rather
than BIS-GMA in some of the
sealants investigated. An attack
of the ester linkages in BIS-DMA
could result in the formation of

bisphenol A, but a similar attack
on BIS-GMA will not result in
the formation of bisphenol A.

The excretion of BIS-GMA
and BIS-DMA and associated
metabolites is poorly under-
stood. We do know that the rate
of clearance of BIS-GMA and
BIS-DMA from the mouth de-
pends on the salivary flow.
However, once the BIS-GMA
and BIS-DMA are ingested and
absorbed, renal and/or biliary
excretion of these compounds is
unclear, but undoubtedly de-
pends on a variety of physio-
chemical characteristics (for ex-
ample, lipid solubility, degree of
ionization, drug pKa [that is,
the negative logarithm of the
ionization constant of an acid])
that govern the transfer of BIS-
GMA, BIS-DMA and metabo-
lites from the internal to exter-
nal environment.

Despite the fact that bisphe-
nol A may be released from
dental resins under certain con-
ditions, it is important to real-
ize that release of monomer
components from dental resins
follows a logarithmic function.
For example, the amounts of
bisphenol A and BIS-DMA
identified in the study by Olea
and colleagues17 were collected
one hour and 24 hours after
resin sealants were placed.
Their results show a clear de-
crease in component concentra-
tions over time, a finding that
has been known for years.56 The
conclusion we can draw from
these findings is that it is likely
that the estrogenic effect that
might be induced from a newly
placed restoration or sealant
will decrease over time.
However, such a conclusion
cannot exclude some additive or
synergistic effect with other
xeroestrogens present in the
mouth.
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CONCLUSION

Based on existing research, we
must accept that certain impu-
rities may be present in some
BIS-GMA–based resins, and
these impurities, when released
from restorations, are potential-
ly estrogenic. Under extreme
conditions, these impurities are
capable of inducing weak estro-
genic effects on target tissues.
However, the amounts of
bisphenol A that may be pres-
ent as an impurity or produced
as a degradation product from
dental restorations, including
sealants, are quite small and
far below the doses needed to
affect the reproductive tract. 

However, although current
findings suggest that the short-
term risk of estrogenic effects
from dental treatments using
BIS-GMA–based resins is in-
significant, research should be
directed at evaluating the phar-
macokinetics and pharmacody-
namics of the long-term release
of contaminants from BIS-
GMA–based resins (that is,
bisphenol A) used in the mouth.
In addition, organizations such
as the International
Standardization Organization
should consider including in fu-
ture standards tests that deter-
mine the bisphenol A content of
dental resins and their ability
to release the bisphenol A that
may form during degradation of
the polymer structure. ■
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