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Introduction

Resin composites, which are commonly used in restorative den-
tistry, consist of  a cross-linked polymer matrix and fillers at 60 to 
80 % by weight. The resins used are generally made of  very large 
molecules, like bisphenol A glycidyl methacrylate (BIS-GMA), a 
highly viscous component. In view of  reducing the composite’s 
viscosity and improving its handling properties, other compo-
nents are usually added, such as the diluent tri-ethylene glycol-
dimethacrylate (TEGDMA). The mineral fillers should be of  very 
small size and treated on their surface by a silane coupling agent, 
which is added and linked to the particles in order to achieve 
strong bonding with the resin during polymerization.

Resin-based composites present high failure rates [1]. Concerns 
over their reduced durability, prevalence of  secondary caries from 
resin-based dental materials have come to the fore [2]. In addition, 
patients express their concerns with respect to the safety of  res-
in-based materials that might release chemicals like bisphenol A 
(BPA), TEGDMA, and hydroxyethyl methacrylate (HEMA) [3]. 

Bisphenol A (BPA), an organic compound, is the common name 
for 2, 2-Bis (4-hydroxyphenyl) propane, produced by the reaction 
of  two phenols with one acetone catalyzed by a cationexchange 
resin. BPA is a xenoestrogen, a known endocrine disruptor pre-
senting estrogenic activity similar to that of  normal estrogens fol-
lowing their binding to human estrogenic receptors [4, 5]. Human 
exposure to BPA can be detrimental to health due to its numerous 
adverse effects [6]. BPA release from dental composite materials 
has been extensively discussed in the literature [7].

As to BISGMA and TEGDMA, it degrade in the oral cavity and 
generate bishydroxy-propoxyphenyl-propane (BisHPPP), meth-
acrylic acid (MA), and triethylene glycol (TEG), respectively [8]
[9].

The aim of  this paper is to evaluate the risk arising from the elu-

tion of  co-monomers, particularly TEGDMA, which is present 
in most composite resins and its degradation by-products, and of
Bisphenol A, which could probably be released under very par-
ticular conditions.

Tri-Ethylene-Glycol-Dimethacrylate (TEGDMA)

Tri-ethylene glycol-dimethacrylate (TEGDMA), with a molecular 
weight (MW) of  286, is a long molecule terminated by two func-
tional methacrylate groups, like Bis-GMA, the backbone molecule 
of  composites. The molecule part between the two methacrylate 
groups, however, is linear, as compared to Bis-GMA (MW 512), 
therefore, it does not possess the high viscosity specific to Bis-
GMA. Here lies the reason why TEGDMA is used as a diluent for 
Bis-GMA, improving the handling of  the composite resin both 
during manufacturing, improvement of  the coat of  the filler par-
ticles, and during clinical use by the dentist.

Bisphenol A (BPA)

Pure BPA does not exist as a component in composites, adhe-
sives, or sealants, but it is used in the synthesis of  the main back-
bone molecule of  composite resins, namely bisphenol A-digly-
cidyl methacrylate (Bis-GMA), in monomers such as bisphenol 
A-diglycidylether (BADGE), or bisphenol A-dimethacrylate (Bis-
DMA), which is used in a number of  adhesives and sealants [10].

TEGDMA and BPA in Dental Biomaterials

TEGDMA is a linear co-monomer that terminates with two 
functional methacrylate groups identical to those terminating bis-
glycidyl methacrylate [Bis-GMA]. During polymerization, acrylic 
bonds are created with Bis-GMA as well as with other TEGDMA 
molecules and with the mineral filler particles by means of  a cou-
pling agent grafted on these filler particles, which also has a ter-
minal functional methacrylate group. This formed tridimensional 
network is characterized by high mechanical and chemical resist-
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ance; the acrylic bonds thus formed are highly stable in the oral 
environment. Monomer and comonomer polymerization is never 
complete. The conversion rate, i.e. the proportion of  polymer-
ized molecules compared to the initial amount of  unpolymerized 
molecules, is estimated to vary between 30 and 80 %, depending 
on the resins. Therefore, free monomers and co-monomers are 
always present in composite resins, which could conceivably be 
eluted [11].

Since TEGDMA can virtually never result from the polymer-
ized matrix degradation, it would hence be logical to conclude 
that the eluted TEGDMA stems from unpolymerized molecules. 
The amount of  eluted TEGDMA was shown [12, 13] to decrease 
when a composite is exposed to a longer light irradiation time, 
i.e. when polymerization increases and free TEGDMA content 
decreases [14-16].

The composition of  a composite resin, an adhesive or a sealant, 
does not include bisphenol A (BPA) as an ingredient, yet the lat-
ter was unintentionally introduced in some of  them. It has been 
found as an impurity in bisphenol A-diglycidylether (BADGE) 
and in bisphenol A dimethacrylate (Bis-DMA), both used in a 
number of  sealant preparations, from some base chemical manu-
facturers [17].

TEGDMA and BPA Release from Dental Bioma-
terials

Monomers can be released from restorative materials. According 
to Goldberg, substances are released first during the monomer-
polymer conversion, which occurs in the first hours subsequent 
to polymerization and, secondly, as the release of  substances that 
can happen because of  erosion and degradation over time. The 
free monomer initial release might occur during the monomer–
polymer conversion, whereas the long-term release of  leachable 
substances is produced by erosion and degradation over time [18].

A study by Durner et al. (2009) showed that 64 different com-
pounds are released into aqueous or organic solvents. TEGD-
MA was released at a considerable concentration (0.04-2.3% wt), 
whereas Bis-GMA, urethane dimethacrylate (UDMA), 2-hydrox-
yethyl methacrylate (HEMA), hexanedioldimethacrylate (HDD-
MA), ethylene glycol dimethacrylate (EGDMA), and diethylene 
glycol dimethacrylate (DEGDMA) with minor concentrations 
[19]. Van Landuyt et al. (2011) demonstrated that more than 30 
different compounds could be extracted from polymerized dental 
composites, and among those, one could detect major monomers, 
co-monomers, various additives, and reaction products [20].

Monomer release continues over time, lasting up to 30 days [21] 
and even for up to 12 months subsequent to polymerization [13]. 
In a study conducted by Putzeys et al., the long-term elution of  
a wide array of  compounds from resin-based dental composites, 
including BisEMA3, BisEMA6, BisEMA10, Bis-GMA, cam-
phorquinone (CQ), HEMA, TCD-DI-HEA, TEGDMA, and 
UDMA, were quantified. The aforesaid tested composites contin-
ued to release small quantities of  monomers over time [22] with 
TEGDMA presenting a faster elution rate as compared to the 
other monomers [23].

Rothmund et al. (2017) investigated the effect of  layer thick-

ness on the elution of  components from bulk-fill composites. 
They identified 11 elutable substances, with TEGDMA show-
ing an elution increase at a higher layer thickness [24]. In a 2018 
study, TEGDMA showed the highest elution level compared to 
the other monomers [25]. A total of  12 substances were detect-
ed from the investigated composite eluates, five of  which were 
methacrylates, namely TEGDMA, HEMA, hydroxypropyl meth-
acrylate (HPMA), EGDMA, and trimethylolpropane trimeth-
acrylate (TMPTMA) [26]. BisGMA, UDMA, TEGDMA, and 
HEMA were detected from composite resins after incubation in 3 
different solutions. Lagoska R et al. [27]. «The highest amount of
released residual monomer from all groups was TEGDMA. » [28].

Toxicology of  TEGDMA and BPA

Numerous studies have clearly demonstrated the release of  the 
free comonomer TEGDMA from polymerized composite resins. 
At this point, the risk that this component carries on cells and 
on the organism, i.e. its toxicity, must be scrutinized. TEGDMA’s 
cytotoxicity is mainly associated to the short-term release of  free 
monomers during the monomer-polymer conversion process, 
with at least 5 % remaining unreacted. However, this might be 
sufficient in order to contribute to permeability and the thickness 
of  residual dentin [30]. The composite resin surface exposed to 
oxygen during the curing process produces a non-polymerized 
surface layer rich in formaldehyde, which in itself  constitutes an 
additional factor of  cell toxicity [31].

HEMA and TEGDMA were the only ones to boost the diffusion 
ability through dentin into the pulp at significantly high concen-
trations in the millimolar range. When the remaining dentin thick-
ness decreases, especially below 1 mm or following a treatment 
involving acid etching, diffusion tends to increase [32].

There are three main routes of  systemic intake from chemical 
substances released by resin-based restorations [14]: via the gas-
trointestinal tract, by diffusion to the pulpal tissues, and directly 
to the oral mucosa, all of  which are of  greater relevance to the 
patient [33]. Regarding the uptake of  volatile components in the 
lungs, it is of  particular importance for dental practitioners and 
dental personnel [34].

TEGDMA’s cytotoxicity may be of  great clinical interest. Nu-
merous resin-based materials release substantial amounts of  this 
relatively hydrophilic monomer. Additionally, this substance may 
considerably contribute to the incidence of  adverse local and sys-
temic effects [35].

TEGDMA

Time- and concentration-dependent cytotoxicity in various cell 
lines are prominent features of  TEGDMA. At lower concentra-
tions, the major type of  TEGDMA-induced cell death was ap-
optosis, i.e. programmed cell death, whereas necrosis was more 
manifest at higher concentrations [36, 37]. TEGDMA has the 
potential to affect the physiological differentiation of  dental pulp 
fibroblasts into odontoblasts and their normal mineralization pro-
cedure at very low concentrations [38]. TEGDMA is also known 
to cause deoxyribonucleic acid (DNA) strand breakage [39, 40].

Since TEGDMA is rapidly taken up in the gastric tract, it can eas-
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ily disseminate and spread throughout the body (41), and presents 
well-documented mutagenic effects [42, 43]. Moreover, TEGD-
MA leads to severe toxicity and should, therefore, be completely 
avoided in new formulations [10].

When BISGMA and TEGDMA degrade in the oral cavity, it 
generates bishydroxy-propoxy- phenyl propane (BISHPPP), 
methacrylic acid (MA), and triethylene glycol (TEG), respectively. 
These by-products adversely affect host cells and function of  oral 
microorganisms [44-46].

Furthermore, TEGDMA stimulates the growth and proliferation 
of  caries-relevant bacteria, such as Streptococcus sobrinus, Strep-
tococcus mutans, and Lactobacillus acidophilus, thereby contrib-
uting to pulpal inflammation and secondary caries formation [44]. 
Reichl in 2009 [47] first showed that TEGDMA tends to degrade 
into triethyleneglycol and methacrylic acid, and second that the 
various methacrylate-related diseases clearly boast a tendency 
towards increasing frequency. Thus, dental professionals garner 
about 45 % of  all allergies due to methacrylates, with the dental 
personnel being more susceptible (5 % of  cases in Scandinavia, 
2007 values) than the dentists (4 %) and the patients themselves 
(2.3 %). A large number of  Lebanese dentists suffer from hand 
eczema, a contact allergy [48].

A wide array of  studies have been dedicated to TEGDMA’s stabil-
ity and its potential action on different cell types. Seiss shows that 
TEGDMA and HEMA can degrade under the effect of  enzymes 
such as esterase, with the risk of  forming lipophilic intermediary 
products, which can thus accumulate in adipose tissues [49]. In 
his thorough review of  the chemical and biological interactions 
of  TEGDMA, Geurtsen had already determined in 2001 that this 
substance has the potential to interact with various cell structures 
and, therefore, presents a high toxicity [50].

Later, the work of  Emmler [51] on the toxicity of  TEGDMA 
in pulmonary cells, that of  Gregson [52] on human pulpal and 
gingival fibroblasts, and that of  Imazato [53] on osteoblast-type 
cells, all corroborated the cytotoxicity of  TEGDMA. The differ-
ent origins of  these three studies – Germany, the United States of  
America, and Japan - serve as a solid proof  of  the magnitude and 
actuality of  this problem.

With respect to BPA, Tillet raised the issue of  the controversial 
swirling around its influence on health, particularly at the endo-
crine level, and on the risks inherent in its use when it comes to 
the development of  a number of  diseases like diabetes as well as 
cardiac and liver pathologies [54].

Sealants can release high amounts of  TEGDMA and CQ. Be-
cause of  the use of  sealers in prophylactic dentistry, it is deemed 
true that allergic reactions to TEGDMA and CQ can exist and 
may be activated. A detailed allergological anamnesis should be 
carried out prior to material insertion in order to avoid potential 
reactions or triggering thereof  [55].

BPA is presumably hazardous to human health [56]. The amounts 
of  BPA leached from resin- based restorative materials were rela-
tively low and most likely represent a very small contribution to 
the total BPA exposure [57]. However, it is noteworthy to men-
tion in this context that 93 % of  Americans aged over 6 years have 
residues of  BPA in their urine. This BPA tends to accumulate in 

adipose tissues and surely stems from a non-food source. Dental 
restorative materials like composite resins and sealants are a pos-
sible source of  BPA, among others. Already in 1999, Arenholt-
Bindslev et al. [58] showed that the sealant DELTON® (contain-
ing Bis- DMA) released BPA in saliva during sealant application, 
and that BPA from this origin had an effect on the estrogenic ac-
tivity of  human saliva. Moreover, the fissure sealant DELTON® 
showed significantly higher levels of  BPA leaching [57].

This problem of  the presence of  BPA in the human body is a 
very serious question, especially in the USA where the National 
Toxicology Program (NTP) and its Center for the Evaluation of  
Risks to Human Reproduction (CERHR) (59) have attributed to 
the BPA problem the level some concern”, corresponding to the 
intermediate value on a scale of  5 levels.

These results underscore the latent difficulties in accurately ana-
lyzing BPA levels in any complex mixture, such as dental resin 
extracts. In order to steer clear of  incorrectly identifying the ex-
tractable substances and the ensuing inaccurate quantitative as-
signments for species of  interest, good separation and suitable 
detection methods constitute the sine qua non prerequisites. De-
pendable methods are hence crucial for accurate valuation and 
appraisal of  patient exposure to BPA and establishment of  sig-
nificant health risk assessments. In essence, this issue is still way 
from being fully grasped and resolved [60].

Risk Evaluation

The release of  methacrylic monomers and polymerization com-
pounds can lead to adverse biological responses inclusive of  local 
and systemic toxicity, pulp reactions, and allergic and estrogenic 
effects [61].

Salivary esterases can lead to the degradation of  TEGDMA and 
HEMA structures, and thus result in liposoluble metabolites that 
could build up in adipose tissues [62]. In addition, both TEGD-
MA and HEMA trigger oxidative stress and mitochondrial dam-
age in odontoblast-like cells [63].

It is well recognized that the majority of  dental composites release 
TEGDMA, both in vitro and in vivo, and that this compound is 
toxic. The direct biological risks consist of  post-placement tooth 
sensitivity [64], apoptotic reactions [65], long-term pulpal inflam-
mation [66], systemic estrogenic effects [67], and allergic reactions 
[68]. The latter is less well documented, yet widely discussed in 
the literature.

TEGDMA, on the other hand, exhibits mutagenic behavior [69]. 
Resin-based restorations usually leach components that have the 
potential of  inducing DNA double-strand breaks (DSBs) and cell 
death effects, i.e. both apoptosis and necrosis, in human gingival 
fibroblasts (HGFs) [70].

Moreover, TEGDMA induced mitochondrial damage in HGFs 
[71] and mainly caused apoptosis [72].

The adverse biological effects of  HEMA can lead to DNA dam-
age, apoptosis, and cell-cycle delay [73]. In view of  the bioavail-
ability of  HEMA and TEGDMA resin monomers, the findings 
suggest the need for additional in-depth investigations with re-
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spect to the local and systemic reactions of  these compounds in 
vitro and in vivo. A close monitoring and careful indication of  
their use within the realm of  odontology is highly recommended 
[74].

Resin composites are susceptible to hydrolysis through esterase 
activity prevalent in the oral cavity. Their biodegradation results 
in the deterioration of  the bulk structure of  resin composites as 
well as that of  the composite–tooth interface and the release of  
degradation products such as methacrylic acid, triethylene glycol 
(TEG), and bishydroxy-propoxy-phenyl-propane (BisHPPP). It 
has been confirmed that all of  the latter affect cariogenic bacterial 
growth and virulence, thus acting as major contributing factors 
in the incidence of  recurrent caries, hypersensitivity, and pulpal 
inflammation [75].

TEG, the dental composite degradation product, may contrib-
ute to streptococcus mutans establishment in various cariogenic 
biofilms. These findings account for the higher failure rates due 
to the increased prevalence of  secondary caries and an increased 
frequency of  resin composite restoration replacement [76]. Most 
notably, the findings should stir and prompt the clinical commu-
nity to take action towards having resin composite manufacturers 
exercise a greater diligence with regard to the biological descrip-
tion of  their products and related degradation by-products as well 
as have them refrain from affirming to current materials as bio-
logically inert dental materials [77]. Furthermore, a number of  
composite resins pose a threat to the health of  patients and dental 
personnel. [78].

The risks for human health, namely allergies and cytotoxicity, are 
consequently substantial. In view of  avoiding these characteristic 
risks, the introduction of  newer materials constitutes a key com-
ponent for subsequent research.

In their study, Kilambi et al. [79] proposed the replacement of  
TEGDMA in dental composite formulations by very reactive 
monovinyl methacrylates for the purpose of  obtaining resins 
boasting the same, or even superior, composite polymer mechani-
cal properties. A TEGDMA- free and HEMA-free composite 
resin has already been available on the market for several years, 
namely the “ELS Extra Low Shrinkage” resin by Saremco (Ré-
sine composite dentaire els Extra Low Shrinkage, Saremco Dental 
AG, Rohnacker, 9445 Rebstein, Switzerland). Its evaluation dem-
onstrated favorable clinical behavior. Van Dijken and Palleson 
in 2017 [80] demonstrated that Class II restorations carried out 
with the TEGDMA/HEMA-free low shrinkage resin compos-
ite system showed good durability over six years. Several stud-
ies, including those of  Reichl et al. [81], clearly demonstrate that 
this resin does not release TEGDMA or HEMA when compared 
to other composite resins available on the market today. For the 
purpose of  eliminating the risk inherent in TEGDMA release, it 
would therefore be logical to conclude that the dental practitioner 
should aim at using TEGDMA-free and HEMA-free composites.
The indication “some concern” attributed to the existence of  
BPA in the body in the statement of  the American Dental As-
sociation (ADA) [82] puts this compound in a critical position 
and places it at the core of  safety issues to be examined seriously. 
However, a 2017 analysis of  BPA levels released from resin-based 
dental sealants shows that exposure from dental sealants is below 
the daily exposure level set by the US Environmental Protection 
Agency (EPA) and can thus be considered safe [83].

After mentioning that the products containing Bis-DMA could 
release small BPA amounts through biodegradation of  the Bis-
DMA molecule by salivary enzymes, it goes on to state verbatim, 
“Based on current research, the association agrees with the au-
thoritative government agencies that the low-level of  BPA expo-
sure that may result from dental sealants and composites poses no 
known health threat”. In the same document, the ADA further 
quotes the following statement of  the U.S. Department of  Health 
and Human Services (HHS): Dental sealant exposure to bisphe-
nol A occurs primarily with use of  dental sealants [containing] 
bisphenol A dimethacrylate. This exposure is considered an acute 
and infrequent event with little relevance to estimating general 
population exposures.”

Hence, in the event BPA turns into a public health problem, it 
is more because of  the manifold exposure possibilities in every-
day life – particularly through applications using polycarbonates 
– than through the highly restricted use of  dental sealants, among 
which only a few contain Bis- DMA, which is possibly susceptible 
to degrade into BPA.

On the other hand, a number of  procedures and measures can re-
duce exposure to free monomers due to direct composite restora-
tions, such as rubber dam use and prolonged curing (up to double 
the recommended time). Moreover, darker shade composites (C2) 
present higher cytotoxicity, which can be minimized by polymeri-
zation with the high-intensity light curing unit. Resin- composite 
cytotoxicity varies with shade and irradiance.

Conclusion

TEGDMA and BPA present possible risks to human health. 
The possibility of  release of  TEGDMA from composite resins 
is high, and the risk of  allergies and cytotoxicity has been docu-
mented. The best protection measure consists of  using compos-
ites without TEGDMA. With regard to BPA, even if  it presents a 
potentially greater and more serious risk to health, particularly via 
its potential to affect the endocrine equilibrium, the probability 
of  its availability from dental restorative materials is much lower. 
BPA is usually confined to dental sealants only, and its use is less 
frequent than that of  dental composite resins. Here again, the 
best protection lies in simply circumventing the use of  sealants 
containing Bis-DMA.
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