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Abstract

The aim of this study was to perform a systematic review to comprehensively explore the factors contributing to the resin-
matrix composites’ toxicity in patients. A systematic review was performed according to the PRISMA guidelines. The
bibliographic review was performed in the following databases: PubMed, Cochrane Central and Web of Science. Inclusion
and exclusion criteria were established to retrieve articles published in English over the last 20 years. The research yielded
1261 articles, with 1227 articles remaining after removing duplicates. Following a title and abstract screening, 20 articles
underwent full-text review, and 12 in vivo studies were included. Detectable levels of free monomers and potential toxic-
ity exposure were reported in the selected studies on saliva, urine, and blood samples. The selected in vivo studies suggest
relatively low local and systemic toxicity although the available methods show technical limitations and therefore further
studies are required. Dental operator-dependent factors were also identified. Standard chair-side guidelines on handling of
resin-matrix composites placement plays a key role on the properties of the materials. The results reported noticeable changes
in samples were not considered significant to affect patient's health, although, manufacturer’s instructions must be followed
whilst using resin-matrix composites. In fact, adequate light curing parameters maintain a high degree of conversion of the
resin-matrix composites decreasing the release of residual monomers and thus the probability of related toxicity.
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Introduction

Despite the adequate mechanical and optical properties,
resin-matrix composites have shown some drawbacks such
as: polymerization shrinkage, the release of monomers from
the organic matrix due to incomplete monomers conversion
during the polymerization, and material degradation over
time [1, 2]. Resin-matrix composites are composed of an
organic matrix, inorganic filler particles, a photoinitiator
system, and silane coupling agents. Nano- and micro-scale
inorganic filler particles are combined in resin-matrix com-
posites to provide enhanced mechanical properties [3, 4].
However, concerns have arisen regarding potential toxic-
ity related to materials applied in resin-matrix composites's
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organic matrix, which may include derivatives from bisphe-
nol A (BPA). Namely, compounds such as bisphenol A-gly-
cidyl methacrylate (Bis-GMA), along with, polycarbonate
modified Bis-GMA (PC Bis-GMA), ethoxylated bisphenol
A glycol dimethacrylate (Bis-EMA), and 2,2-bis[(4-meth-
acryloxy polyethoxy) phenyl] propane (Bis-MPEPP) have
raised concerns [5].
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The effects of BPA are quite similar to those of two
estrogens, diethylstilbestrol, and ethinyl estradiol,
although with a lower potency level [6]. Due to their abil-
ity to simulate the actions of the estrogen hormone within
living cells, BPA exhibits an affinity for binding to nuclear
receptors, including estrogen, androgen, and thyroid hor-
mone receptors. Additionally, BPA interacts with mem-
brane receptors, potentially instigating endocrine-disrupt-
ing effects [7, 8]. A study conducted by Atkinson et al. [9]
compared two commonly BPA derivatives in resin-matrix
composites: Bis-DMA and Bis-GMA. In contrast to Bis-
GMA, BPA has been identified in saliva due to the use of
resin-matrix composites in the oral cavity. That occurs due
to the hydrolysis of bisphenol catalyzed by salivary ester-
ases, a result of inherent structural differences between
those compounds. It is noteworthy that Bis-DMA is not
widely applied in dental materials [8, 10]. Moreover, sev-
eral studies have highlighted the cytotoxic effects associ-
ated with both TEGDMA and UDMA [9]. The release of
monomers and BPA is dependent upon the chemical com-
position and content of the organic matrix present in resin-
matrix composites [3]. TEGDMA is a genotoxic monomer
known to impact DNA even at low concentrations, caus-
ing fragmentation and destruction by apoptosis induction
leading to activation of caspases -3, -8, and -9. Lipopol-
ysaccharide-induced apoptosis decreases the release of
IL-1p and TNF-a, with more pronounced effects at higher
concentrations. The low molecular weight of the monomer
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has been associated with reduced glutathione levels, pro-
viding protection against reactive oxygen radicals [8, 11].
Research has shown the presence of HEMA and TEG-
DMA monomers at microgams in saliva within minutes
to hours, after the placement of a resin-matrix composite.
Furthermore, those monomers have been detected in the
dentine and pulp after hours to days of the resin-matrix
composite placement [12]. Long-term exposure to HEMA,
even at low concentrations, may result in immune sup-
pression and clastogenic effects. Higher concentrations of
residual monomers have been associated with significant
reductions in IgG1 and IgM production and adverse effects
on cell proliferation [11, 13]. The cytotoxicity assessment
of such monomers was conducted using the bromodeox-
yuridine and the lactate dehydrogenase assays. A previ-
ous study showed the highest degree of toxicity for Bis-
GMA followed by UDMA and TEGDMA, while HEMA
revealed the lowest degree of toxicity [14].

Regarding the factors that influence toxicity, the light cur-
ing procedures, type and size of fillers and organic matrix
composition may also have an impact on the resin compos-
ites toxicity [15] Fig. 1.

Also, toxicity of resin composites may be caused by
degradation of the organic matrix due to wear caused by
occlusal forces during mastication. The impact of saliva
constituents via hydrolytic and enzymatic pathways is also
an important factor. The resin-matrix composites toxicity
is intrinsically related to synergistic factors within the oral
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Fig.1 Schematics of monomers release and potential toxicity. A resin-matrix composites microstructure, B Polymerization reaction and poten-

tial toxic monomers, C Local and systemic toxicity
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cavity, temperature fluctuations, and the acidic by-products
synthesized by oral microbial activity [16, 17].

The potential toxicity of specific components in resin-
matrix composites demands ongoing, comprehensive evalu-
ation of their physicochemical properties and biological reli-
ability for complete clinical acceptance. Prior research has
highlighted the toxicity risks associated with resin-matrix
composites at both local and systemic levels, underscoring
the critical importance of continued investigation in this area
[1, 18].

The aim of the present study was to perform a system-
atic review of the local and systemic toxicity of resin-matrix
composites in patients.

Method
Search strategy

This systematic review was registered on PROSPERO
(International Prospective Register of Systematic
Reviews) platform, with the number 480689, following
the standard guidelines outlined by PRISMA (Preferred
Reporting Items for Systematic Reviews and Meta-Anal-
yses). The present systematic review was carried out in
accordance with previous systematic reviews [19, 20].
A research question has been formulated following the
PICO strategy, designated by P (population), I (interven-

tion), C (comparison) and O (outcome): Which factors
influence the toxicity of resin-matrix composites for
dental restorations, and what are their local or systemic
adverse effects in humans? The literature search was con-
ducted across three online scientific platforms, including
PubMed, Web of Science and Cochrane Central (Table 1,

Table 1 Keywords applied on Pubmed database

Pubmed

#1 (toxicity) OR (toxic)) OR (cytotoxicity)) OR (toxicology)) OR (BPA)) OR (Bis-GMA)) OR (Bisphenol-A)) OR (Bis-DMA)) OR
(UDMA)) OR (TEGDMA)) OR (polymers)) OR (comonomers)) OR (copolymers)) OR (resin monomers)) OR (resin conversion))
OR (component release)) OR (bpa-derivatives)) OR (bisphenol a-glycidyl methacrylate)) OR (2,2-di(4-methacryloxyphenyl)
propane)) OR (2,2-bis-(4-(2-methacryloxyethoxy)phenyl)propane)) OR (toxicology[MeSH Terms])) OR (Bisphenol A-Glycidyl
Methacrylate[MeSH Terms])) OR (2,2-di(4-methacryloxyphenyl) propane[MeSH Terms])) OR (2,2-bis-(4-(2-methacryloxyeth-
oxy)phenyl)propane[MeSH Terms])) OR (polymers[MeSH Terms])

#2 (((((((((((resin-matrix composite) OR (resin composite)) OR (resin-based composites)) OR (dental composite resin)) OR (composite
resins)) OR (resin-matrix composition)) OR (different composition resins)) OR (flow resin)) OR (bulk-fill resin composites)) OR
(resin nanocomposites)) OR (conventional composite resin)) OR (composite resins[MeSH Terms])
#3 (((((Dentistry) OR (oral)) OR (mouth)) OR (dental)) OR (dentistry[MeSH Terms])) OR (mouth[MeSH Terms])
#4 ((((((((((health) OR (oral health)) OR (human's health)) OR (biosafety)) OR (immunological effect)) OR (immune system)) OR
(allergy)) OR (hypersensitivity)) OR (toxicity)) OR (cytotoxicity)) AND (release)
#1 AND #2 AND #3 AND #4

Table 2 Keywords applied on Web of Science database

Web of Science

#1 ALL = (toxicity OR toxic OR cytotoxicity OR toxicology OR BPA OR Bis-GMA OR Bisphenol A OR Bis-DMA OR UDMA
OR TEGDMA OR polymers OR comonomers OR copolymers OR resin monomers OR Resin conversion OR compo-
nent release OR bpa-derivatives OR bisphenol a-glycidyl methacrylate OR 2,2-di(4-methacryloxyphenyl) propane OR
2,2-bis-(4-(2-methacryloxyethoxy)phenyl)propane)

#2 ALL = (resin-matrix composite OR resin composite OR resin-based composites OR dental composite resin OR composite
resins OR resin-matrix composition OR different composition resins OR flow resin OR bulk-fill resin composites OR resin
nanocomposites OR conventional composite resin)

#3 ALL = (Dentistry OR Dental OR oral OR mouth)

#4 ALL = (in vitro OR animal study OR cell culture OR tissue culture OR animal model OR laboratory animals OR cell cultiva-
tion OR In Vitro Techniques OR Animal Experimentation OR Cell Culture Techniques OR Tissue Culture Techniques

#5 ALL =(adhesive OR cement OR fillings OR orthodontic adhesive OR sealants OR adhesives OR Cements, dental OR Dental

Sealants OR Pit and Fissure Sealants OR Root Canal Filling Materials
#1 AND #2 AND #3 NOT #4 NOT #5
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Table 3 Keywords applied on Cochrane Central database

Cochrane

Central

#1 toxicity OR toxic OR cytotoxicity OR toxicology OR BPA OR Bis-GMA OR Bisphenol A OR Bis-DMA OR UDMA OR TEGDMA
OR polymers OR comonomers OR copolymers OR "resin monomers" OR "resin conversion" OR "component release" OR bpa-
derivatives OR "bisphenol a-glycidyl methacrylate"

#2 "resin-matrix composite” OR "resin composite” OR "resin-based composites" OR "dental composite resin” OR "composite resins"
OR "resin-matrix composition" OR "different composition resins" OR "flow resin" OR "bulk-fill resin composites" OR "resin nano-
composites” OR "conventional composite resin"

#3 dentistry OR Dental OR oral OR mouth

#4 "in vitro" OR "animal study" OR "cell culture" OR "tissue culture" OR "animal model" OR "laboratory animals" OR "cell cultiva-
tion" OR "In Vitro Techniques" OR "Animal Experimentation" OR "Cell Culture Techniques" OR "Tissue Culture Techniques"

#5 adhesive OR cement OR fillings OR "orthodontic adhesive" OR sealants OR Adhesives OR "Cements, dental"OR "Dental Sealants"

OR "Pit and Fissure Sealants" OR "Root Canal Filling Materials"

#1 AND #2 AND #3 NOT #4 NOT #5

2 and 3). The search filters specifically targeted articles
in English, published in the last 20 years and studies con-
ducted in humans. In the PubMed search, both free vocab-
ulary and MeSH terms were used to refine and enhance
the precision of the search, as seen in Table 1. The inclu-
sion criteria were in vivo studies/Humans, Randomized
Controlled Trial (RCT), and Toxicity Studies. The exclu-
sion criteria were in vitro and animal studies, other com-
posite materials, systematic reviews, metanalyses, nar-
rative reviews, clinical case reports and case series. The
following equations applied on the three databases are
shown in Table 1, 2 and 3:

Study selection and data collection process

The publications obtained from the three databases
(PubMed, Cochrane Central, and Web of Science) were
exported to the “Rayyan’s Intelligent Systematic Review
Platform™[21], of which duplicates were excluded. The
studies' details and numerical data were extracted using
a customized Excel file. The following variables were col-
lected for this review: authors' names, publication year,
country, sample size/age range, aims, resin-based mate-
rials, methodology, monomers source materials, local or
systemic toxicity and main outcomes (Table S1, suple-
mentary material). Cohen's kappa coefficient was used
to assess the risk of bias among researchers, through the
selection process. The Revised Cochrane risk-of-bias tool
for randomized trials (RoB 2)[22] was also used to assess
the quality of the studies. The Cochrane Risk of Bias tool
(RoB2) was used to assess the risk of bias in the studies,
Fig. 3. Except for three studies that demonstrated “some
concerns”[23-25], the remaining 9 studies [26-33] dem-
onstrated “low risk of bias”.

@ Springer

Results

A total of 1261 articles were identified on three electronic
databases. Following the removal of duplicates, a total
of 1227 articles remained for further selection by title
and abstract. Twenty one articles records were sought for
retrieval although 1 article was not provided. Then, 20
articles were subjected to full reading and 12 articles were
included while 8 studies were excluded. The results of the
selection of articles are shown in Fig. 2.

Cohen's kappa coefficient was used to assess the agree-
ment among researchers, giving in the first part of the
selection (title and abstract) Cohen's k =0.99. Almost a
complete agreement (99.8%) and in the second part of the
selection (full reading) Cohen's k=0.85 (Fig. 2).

In the present systematic review, all included articles
investigated the toxicity of specific monomers attributed
to resin composites. To determine the quantity of detected
monomers and their toxicity, analyses of saliva, urine, and
blood were performed. Regarding the analytical methods,
two articles (16.66%) focused solely on urine analysis [26,
27], three studies (25%) exclusively on saliva analysis,
and two studies (16.66%) on blood analysis [26, 34, 23,
24252829]. One article (8.33%) examined both urine and
saliva samples, while another study (8.33%) evaluated
both urine and blood [30, 31]. Various materials were used
for analysis, such as resin-matrix composites, occlusal pit
and fissure sealants, compomers, and adhesives. The
remaining three articles (23%) utilized distinct toxicity
assessment methods. One study applied skin-patch test-
ing, while another one used neuropsychological tests, and
a third one applied tests to evaluate the physical develop-
ment of children [27, 32, 35].
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Fig.2 PRISMA flow diagram with research data. k — Cohen’s k

The detailed retrieved data are listed on S1 (supple-
mentary material), and the main results were evaluated and
described below:

¢ In five studies, Z100™ (3 M ESPE) resin-matrix com-
posites were assessed, which contained Bis-GMA and
TEGDMA monomers, except for one that only contained
Bis-GMA [25, 28, 31, 32 35].

e The Z250 ™ (3M ESPE) resin-matrix composite was
evaluated in one study, which specified the Bis-GMA,
Bis-EMA, TEGDMA and UDMA monomers [29].

e One study assessed Tetric Evoceram'™ (Ivoclar-
Vivadent) resin-matrix composite which contains Bis-
GMA, UDMA, and TEGDMA [30].

o In one of the studies, Charisma™ (Heraeus Kulzer) resin-
matrix composite was studied, and the microstructure
contained combined monomers such as, Bis-GMA and
TEGDMA. Additionally, Grandio' " resin-matrix com-
posite was investigated and included Bis-GMA, TEG-
DMA, and UDMA [24].

e One of the studies assessed six different resin-matrix
composites brands that were not used in the other stud-

ies: Progress” (Kanebo) and Metafil Flo (Sun Medi-
cal) with UDMA and TEGDMA; Palfique Toughwell™
(Tokuyama) and Xeno CFIT"" (Sankin Kogyo) only with
Bis-GMA; Beautifil™ (Shofu), Prodigy"" (Kerr), and
Clearfil ST (Kuraray) with Bis-GMA and TEGDMA in
their chemical composition [25].

In two studies, a Revolution™ (Kerr) flowable resin-
matrix composite was investigated, containing solely the
Bis-GMA monomer in its chemical composition [28, 31].
In three studies, a Dyract™ (Dentsply) compomer was
assessed. The indicated chemical composition was dif-
ferent between studies. In one, the chemical composi-
tion was reported as UDMA and TEGDMA, while
another study reported only UDMA. In the third study,
the compomer was composed of UDMA and trimeth-
acrylate resins [28, 32, 35]. A sealant of occlusal pits
and fissures was analyzed in two studies, using Ultraseal
XT™ (Ultradent). In both studies, Bis-GMA was pre-
sent in their chemical composition, but only one con-
tained UDMA [28, 31].

In addition to the aforementioned materials, adhesives
were also incorporated into two studies, each study
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Fig. 3 Risk of bias assessment
with RoB 2
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utilized a different adhesive. One applied Clearfil S3
Bond ™ (Kuraray), containing Bis-GMA and TEGDMA
monomers. The other study assessed Unifil "(GC), con-
taining solely the UDMA monomer [24, 25].

¢ In the skin patch testing study, the following monomers
were analyzed MMA, TEGDMA, EGDMA, Bis-GMA,
2-HEMA (0.2% pet, Chemotechnique Diagnosis) and
formaldehyde [27].

e However, in three studies there were no specifications
regarding the brands or types of materials used. Among
those, two studies solely reported the BPA evaluation
without specifying the chemical composition of the
resin-matrix composites. The third study explicitly
stated the analysis of Bis-GMA but did not mention
the material [26, 34, 23].

e Two of the selected articles investigated the influence
of light-curing on local or systemic toxicity [24, 30].
Another study mentioned a light-curing duration of

@ Springer

60 s without specifying the light-curing unit or inten-
sity used [25].

The Cochrane Risk of Bias tool (RoB2) was used to
assess the risk of bias in the studies (Fig. 3). Except for
three studies that revealed some concerns [23-25], the
remaining 9 studies [26-33] revealed low risk of bias.

Discussion

The present systematic review reported the major find-
ings from previous studies regarding the toxicity of resin-
matrix composites. This study gathered relevant informa-
tion on local and systemic toxicity related to the chemical
composition of resin-matrix composites. Additionally,
it included the relevant factors associated with resin-
matrix composites' toxicity, such as short exposure time
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on light-curing and adequate precautionary measures to
decrease the resin-matrix composites potential toxicity.

Relationship between the chemical composition
of resin-matrix composites and potential toxicity

The content of monomers released from resin-matrix com-
posites is influenced by the polarity of the solvent, the
polymerization degree of the material, and variations in the
chemical composition and filler-monomer ratio. All of those
factors significantly impact the release of monomers and the
cytotoxicity of the restorative material [36, 37].

In the study conducted by Sideridou et al. [38], UDMA
and Bis-GMA exhibited significantly higher initial polym-
erization reactivity compared to TEGDMA and Bis-EMA.
Within 10 s of polymerization, UDMA and Bis-GMA
achieved reaction percentages of 49.5% and 22.9% of their
double bonds, respectively, while TEGDMA and Bis-EMA
only reached 13.7% and 13.5%, respectively. However,
as polymerization progressed, TEGDMA and Bis-EMA
displayed a markedly higher rate of polymerization than
UDMA and Bis-GMA. Ultimately, TEGDMA exhibited
the highest conversion rate. This phenomenon may be due
to differences in the chain structure of the linking group
between the methacrylate groups. It is noteworthy the dis-
tinct chemical properties and reactivity potential between
Bis-GMA and TEGDMA, with Bis-GMA being considered
more reactive due to its steric structure, which hinders a
higher degree of conversion (DC). Such findings align with
the study of Geurtsen et al. [39] since TEGDMA exhib-
its the highest DC, and therefore it is considered to be less
prone to toxicity. Conversely, Bis-GMA is characterized by
a lower DC, due to a higher monomer viscosity and it is
associated with an increased level of toxicity [29, 38, 40,
41]. It has been established that the predominant monomer
is HEMA, due to its size and minimal molecular weight. The
high molecular weight of Bis-GMA, coupled with its sub-
stantial dimensions and limited solubility in water leads to
the release of low concentrations. Nevertheless, it has been
noticed that a high monomer release occurs in an organic
solvent environment compared to a water-based solution
[42]. Toxicity is also influenced by molecular weight since
higher molecular weights correspond to higher toxicity.
The molecular weights of prevalent monomers such as
HEMA (130 g mol™!"), TEGDMA (286 g mol~!), UDMA
(471 g mol™"), and Bis-GMA (512 g mol™"), can indicate
the toxic potential of the monomer [29, 39].

Maserejian et al. [28] studied the changes in immune
function related to resin-matrix composites and analyzed
a flowable resin-matrix composite. As demonstrated in the
investigation by Wataha et al. [43], several flowable resin-
matrix composites were characterized by reduced filler con-
tent and elevated monomer concentration in comparison

to ordinary materials. The high toxicity potential may be
attributed to the increased organic matrix content of flow-
able resin-matrix composites, and lower inorganic content
comparatively to ordinary resin-matrix composites. Also,
flowable resin-matrix composites reveal lower mechanical
properties leading to increased degradation. However, con-
ventional resin composites applied in high-thickness lay-
ers can achieve an incomplete polymerization, leading to
increased release of residual monomers [43, 44].

Bakopoulou et al. [33] analyzed the impact on the induc-
tion of sister chromatid exchange (SCE), chromosome aber-
rations (CAs), as well as effects on cell cycle kinetics and
mitotic indices of human peripheral lymphocytes. Notably,
Tetric Ceram™ exhibited the highest SCE induction and
Filtek Z250™ was associated with cell cycle delays and a
reduction in the mitotic index [33].

Precautionary measures to avoid toxicity caused
by resin-matrix composites

Although the selected studies reported that BPA toxicity
did not reach high levels, precautionary measures must be
followed when performing a dental restoration, such as ade-
quate polymerization exposure time, short polymerization
distance to minimize incomplete polymer chain formation.

Several factors have been identified that can influence the
DC of monomers and thus enhance toxicity. Such factors
include the optical properties of the resin-matrix composite,
the duration/intensity/distance of light curing, the thickness
of the material increment, the light curing method used,
and the type of inorganic filler. Adequate polymerization is
considered the primary criterion for a successful restorative
procedure [45].

Regarding the optical properties of the resin-matrix com-
posite, several studies have shown that translucency may
have an effect on polymerization time. Specifically, a longer
polymerization time is recommended for darker shades.
More translucent resin-matrix composites provide high
light transmission and, consequently, higher DC of mono-
mers. Therefore, for darker shades, a longer polymeriza-
tion time is advisable to achieve adequate polymerization
energy and enhance the DC of monomers [46, 47]. On
light curing time, it has been demonstrated that extending
the light exposure beyond the manufacturer's recomenda-
tions by an additional 10-20 s has positive effects on the
DC of monomers [48]. On bulk-fill resin-matrix composites,
increments of 2 to 4 mm can be placed while maintaining the
appropriate DC. That occurs due to the greater translucency
and consequently light transmission compared to ordinary
resin-matrix composites [49, 50]. Bulk-fill resin-matrix
composites exhibit larger inorganic filler sizes, leading to a
reduced inorganic filler-matrix interface, thereby enhancing
the transmission of polymerization light and resulting in a
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higher DC. Additionally, such resin-matrix composites have
lower inorganic filler content, which contribute to increased
translucency and, consequently, higher DC of monomers
compared to flowable and ordinary resin-matrix compos-
ites [51, 52].

However, some measures can be applied to prevent resin-
matrix composites' toxicity. One study found that applying
rubber dams reduces BPA levels in saliva. Results indicated
that concentrations of BPAHPE and Bis-GMA within one
hour post-treatment were two to four times higher in par-
ticipants without a rubber dam compared to those with one.
However, BPA concentrations in saliva returned to pre-
treatment levels for 1 and 8h post-treatment [53]. In another
investigation, the application of pumice on a cotton roll or
by a prophylactic rubber cup was found to be notably effec-
tive in mitigating the absorption of Bis-DMA, Bis-GMA,
and TEGDMA compared to dry or moist cotton rubbing, or
the use of an air/water spray [10]. Regarding light-curing
exposure time, a study concluded that on a polymerization
time less than 40 s, and a temperature of about 37 °C in the
oral cavity, resin-matrix composites are never polymerized
to their full extent, as the propagation of the cross-linking
reaction drastically reduces the mobility of monomers [38].
Furthermore, other studies have recomended rinsing for 30 s
post-polymerization substantially diminishes the amount of
BPA released [10, 25]. Enhanced risk management strate-
gies and effective occupational health and safety programs,
are essential for oral health students and professionals daily
exposed to methacrylates [27].

The study of Maserejian et al. [28] examined alterations
in children's immune responses following resin-matrix com-
posite restoration. The results showed changes in B-cell
reactivity, while monocyte reactivity exhibited a decline
within the initial six-month period. Moreover, those altera-
tions were particularly pronounced in children with a higher
prevalence of Bis-GMA-based resin-matrix composite resto-
rations [28]. The study by Yildiz et al. [29] investigated the
correlation between resin-matrix composites and the release
of substances into the oral cavity, assessing their impact on
lipid peroxidation and DNA oxidation through blood circula-
tion monitoring. Results revealed a significant elevation in
the 8-OHdG/106 dG ratio within the resin-matrix compos-
ite filling cohort. Furthermore, Bis-GMA and TEGDMA
increased markers of lipid peroxidation and DNA oxidation
[29]. The selected articles focused on local and systemic tox-
icity following distinct methods. Regarding sample size and
age range, the studies analyzed different age ranges and dis-
tinct sample sizes. Berge et al. [30] analyzed 20 patients with
ages between 16 and 40 years, while Chung et al. [26] ana-
lyzed 495 children with ages between 8 and 9 years, Yildiz
et al. [29] studied 41 participants with ages between 17 and
23 years, and Maserejian et al. [32] that analyzed 5116 chil-
dren with ages between 6 and 10 years. Regarding samples
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was difficult to establish a relationship between toxicity and
patients’ age. Regarding materials, some studies did not pro-
vide the materials' chemical composition [26, 23]. The most
frequent monomers found on the studied resin-matrix com-
posites were: Bis-GMA, TEGDMA, and UDMA, followed
by HEMA and Bis-EMA in lower content. It should be high-
lighted the lack of methodology regarding the restorative
procedures, especially the light-curing unit, exposure time,
polymerization distance, and the type of isolation used, i.e.
rubber dam. Those factors are essential to establish clinical
guidelines to reduce the resin-matrix composite potential
toxicity. Only one study [25] mentioned the type of polish-
ing applied to resin-matrix composite restoration. Across
the selected studies, concentrations of both BPA and mono-
mers did not reach levels sufficiently high to elicit either
local or systemic toxicity. Consequently, exposure to BPA
within resin-matrix composite restorations remains low,
limiting the potential risk of adverse effects. Furthermore,
no significant association was established between BPA
concentration levels and the area of resin-matrix composite
restoration surfaces, nor were substantial alterations noted in
the variables evaluated across the studies [23-26, 30-35]. In
addition, long-term studies in humans are crucial to evaluate
the toxicity levels over time to establish a possible relation
with chronic effects. The present systematic review searched
for evidence of toxicity in humans caused by resin-matrix
composite monomers that distinguishes it from other reviews
[7, 54]. Alterations related to resin-matrix composites” tox-
icity can be evaluated within safety values not considered
significantly relevant to substantially affect a patient's health.

Several limitations of the study can be identified. At first,
the analysis was limited to specific monomers, excluding
others that may also be potentially toxic. More high-quality
studies, particularly randomized controlled clinical trials
(RCTs), are required. Additionally, the heterogeneity of
resin-matrix composite materials poses a challenge. There
are confounding factors in measuring BPA levels, consider-
ing its presence in food and the environment. Furthermore,
long-term assessments are essential to accurately confirm
the analyzed results.

Conclusion

This systematic review highlighted that traces of resid-
ual monomers are frequently detected in biological fluids
of patients with resin-matrix composite restorations, under-
scoring the importance of applying precautionary measures.

The release of residual monomers is variable and depends
on several patient- and material-related factos that should
be carefully examined in further in vivo and in vitro stud-
ies. Precautionary measures must be followed before placing
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resin-matrix composites to guarantee an adequate polym-
erization reaching optimum properties of the materials.
That results in a lower release of residual monomers, reduc-
ing the probability of toxicity.

Several factors add complexity to the subject with multi-
ple sources of BPA via dietary and environmental exposures.
Further clinical research is imperative to establish causal-
ity, particularly considering exposure to non-dental sources
containing BPA.
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