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Release of leachable products from 
resinous compounds in the saliva 
of children with anterior open bite 
treated with spur

To evaluate the release of bisphenol-A glycidyl methacrylate (BisGMA), 
triethylene glycol dimethacrylate (TEGDMA), bisphenol A (BPA), and 
phthalates of the composite resin used in the bonding of spurs applied in 
the treatment of children with anterior open bite and its effects on human 
keratinocytes. Methodology: Saliva samples of 22 children were collected 
before spur attachment (baseline) and 30 minutes (min) and 24 hours (h) 
after spur bonding. Analysis was performed using high-performance liquid 
chromatography (HPLC) coupled to tandem mass spectrometry (HPLC–MS/
MS) and gas chromatography coupled to mass spectrometry (GC–MS). 
Standardized resin increments were added to three different dilutions of the 
cell culture medium. Keratinocytes (HaCaT) were cultivated in the conditioned 
media and evaluated for cell viability (MTT) and cell scratch assay. Results: 
The levels of BisGMA (1.74±0.27 μg/mL), TEGDMA (2.29±0.36 μg/mL), and 
BPA (3.264±0.88 μg/L) in the saliva after 30 min, in comparison to baseline 
(0±0 μg/mL, 0±0 μg/mL, and 1.15±0.21 μg/L, respectively), presented 
higher numbers. After 24 h, the levels of the monomers were similar to 
the baseline. Phthalates showed no significant difference among groups. 
HaCat cells showed increased viability and reduced cell migration over 
time after exposure to methacrylate-based resin composites. Conclusion: 
Resin composites, used to attach spurs in children with anterior open bite 
during orthodontic treatment, release monomers after polymerization 
and can influence the behavior of human keratinocytes, even at very low 
concentrations. Orthodontists should be aware of the risks of the resinous 
compounds release and preventive procedures should be held to reduce 
patient exposure.

Keywords: Methacrylates. Bisphenol-A glycidyl methacrylate. Dibutyl 
phthalate. Keratinocytes. Open bite.
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Introduction

Methacrylate-based resin composites have 

been commonly used in bonding accessories in 

orthodontic treatment.1 The base monomer of the 

organic matrix is bisphenol-A glycidyl methacrylate 

(BisGMA), which, due to its high viscosity, is mixed 

with other dimethacrylates, such as triethylene glycol 

dimethacrylate (TEGDMA) and/or other monomers2 

and additives, such as phthalates.3 Dental materials 

are susceptible to degradation when applied clinically 

and, as a consequence, may leach into the oral 

environment.2,4-8 The release of composite resin 

monomers is potentially hazardous8-11 with systemic11 

and local effects on the oral mucosa, gum, and 

dental pulp.8,12 One of the products resulting from 

the decomposition of BisGMA is bisphenol-A (BPA), 

which is considered a xenoestrogen and can simulate 

the function of estrogen.13 In addition, exposure to 

BPA may lead to early sexual maturation in children,14 

infertility14 increased risk of breast and prostate 

cancer,15 and changes in immune functions.16

Another leachable product found in dental materials 

is the phthalate,3 which is synthetic chemical ester 

of phthalic acid applied in the production of plastic 

materials.17 Exposure to phthalates is a risk because 

they are endocrine disruptors and can cause sexual 

changes in children.17

Studies demonstrated the release of resinous 

compounds in human saliva, urine, and blood 

after their use in restorative procedures, pit-and-

fissure sealants, and orthodontics.5,10,18,19 Despite 

being similar, the chemical composition and clinical 

applications of these compounds directly influence the 

amount of leachable products release.18 Furthermore, 

in most restorative treatments performed on children, 

methacrylate-based materials are not indicated and 

are replaced by glass ionomer restorations.20 However, 

resin composites are still the first choice for bonding 

orthodontic accessories, even in children. Considering 

the great range of side effects of leachable products, 

more studies should be carried out in juveniles. At the 

moment, no previous studies quantified the amount 

of methacrylate, BPA, and phthalate release after 

bonding spurs with an orthodontic adhesive system in 

children at different experimental periods. This study 

aimed to analyze the release of BisGMA, TEGDMA, BPA, 

and phthalates such as diethyl phthalate (DEP), dibutyl 

phthalate (DBP), dibutyl phthalate (DiBP), dimethyl 

phthalate (DMP), and bis(2-Ethylhexyl) phthalate 

(DEHP), at different time points in the saliva of children 

after bonding spurs were used to treat anterior open 

bite and to simulate and analyze their effects on 

human keratinocytes (HaCaT) in cell cultures.

Methodology

Participants
For longitudinal analysis of the resinous compound 

leach quantification, patients systemically healthy with 

indications for interceptive orthodontic treatment and 

who had an anterior open bite were selected. The 

exclusion criteria was severe systemic alterations, use 

of antibiotics and anti-inflammatory drugs in the last 

three months, no oral malocclusion, and individuals 

who underwent restorations or sealants in the last 12 

months. Sample size calculation was performed and 

a total of 25 participants were selected for the study. 

Three participants missed the appointments and the 

study remained with 22 participants that agreed to 

participate, including eight males and 14 females, 

with a mean age of 8.95±1.45 years (Figure 1). The 

consent forms were collected and signed by the legal 

guardians and the participants signed the assent 

forms.

Saliva collection was performed before the device 

was placed (baseline) and within 30 minutes (min) and 

24 hours (h) after the device was bonded, following 

Tou, et al.21 (2022). The same operator performed the 

saliva collection and the attachment of the devices. 

Spur attachment
Relative isolation was performed, phosphoric acid 

(Fusion-Duralink, Angelus, Brazil) was applied for 30 

seconds on the enamel surface, the Transbond XT 

adhesive system kit (3M, Unitek, Monrovia, California, 

USA) was applied following the manufacturer 

recommendations, and the bonding of the spurs 

(Morelli, Sorocaba, SP, Brazil) was performed on the 

lingual surface of the lower incisor, applying pressure 

in the center of the tool so that the composite resin 

could leach out on the spur sides. These excesses 

were removed. Two 40-second photo activations were 

performed with an LED lamp (Bluephase N, Ivoclar 

Vivadent Inc., Amherst, NY, USA. 1000 mW/cm2), one 

by the lingual side and the other by incisal. 
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Saliva collection
To collect unstimulated saliva, volunteers were 

advised to sit comfortably with their heads slightly 

tilted down, allowing saliva to accumulate in their 

mouth, and then collect it in a glass vial. The collected 

saliva of each participant was immediately stored on 

ice and then at −80°C until the moment of analysis. A 

standardized procedure was performed with all saliva 

samples collected in the morning to avoid the change 

in composition during the day.

BisGMA and TEGDMA analysis
The elution assay was adapted from Michelsen, et 

al.22 (2022) (Supplementary material). The Alliance 

2695 liquid chromatography (Waters, Milford, MA, 

U.S.A) was used for the chromatographic analysis. The 

data acquisition and processing were performed using 

the Mass Lynx v. 4.1 software from Waters (Milford, 

MA, USA). For the identification and quantification, 

multiple reaction monitoring modes (MRM) were 

employed to confirm the presence of BisGMA and 

TEGDMA in the retention times (tR) using the m/z 

of the precursor ions and product ions. For BisGMA, 

the precursor ion (m/z) was 513.19 Da, the product 

ion (m/z) was 142.9 Da, cone voltage of 25.0 V, and 

collision energy of 20.0 eV. For TEGDMA, the precursor 

ion (m/z) was 286.97 Da, the product ion (m/z) 

was 112.9 Da, the cone voltage was 25.0 V, and the 

Figure 1- Participant flow diagram
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collision energy was 12.0 eV.

BPA and phthalate analysis
The methodology applied for the analysis of BPA 

and phthalates (DEP, DBP, DiBP, DMP, and DEHP) 

was performed by gas chromatography coupled to a 

mass spectrometer (GC–MS) and was adapted from 

the method developed by Gomes, et al.23 (2020) 

(Supplementary material).

In vitro experiment
To mimic the oral microenvironment in the condition 

of spur attachment, cell culture tests were performed 

to evaluate cell viability (3-[4,5-(dimethylthiazol-2-yl)-

2,5-diphenyl tetrazolium bromide) (MTT assay)10,24,25 

and cell migration (cell scratch experiment) of human 

keratinocytes (HaCaT)24,25 in the presence of products 

derived from orthodontic resin composites. A pilot 

study was performed to determine the amount of resin 

used for the in vitro experiment. The attachment of 

the four spurs was simulated and the amount of resin 

used for each appliance was weighted. The procedure 

was repeated three times and the mean value of 7.5 

mg per spur was estimated. Four resin increments of 

7.5 mg/each of the Transbond XT adhesive system kit 

(3M, Unitek, Monrovia, California, USA) were used to 

reproduce the amount of resin employed to attach the 

spur in the oral cavity of each child. The resin matrix 

was photoactivated two times for 40 seconds each with 

an LED lamp (1,000 mW/cm2, Bluephase N; Ivoclar 

Vivadent Inc., Amherst, NY, USA). 

The four photoactivated increments were immersed 

in cell culture medium with three different volumes 

and dilutions: 5.5 mL (Dilution 1 – D1), 11.0 mL 

(Dilution 2 – D2), and 22.0 mL (Dilution 3 – D3) of 

basal medium and incubated for 30 min at 37°C. The 

dilutions were performed based on the salivary flow of 

a child up to 12-year-old that is approximately 0.7366 

mL/min-1.23 Herein, the children’s average salivary 

volume in 30 min is represented by the greatest 

dilution tested (D3). Other two dilutions (D1 and 

D2) were tested (two and four times, respectively) 

as proof of concept of monomers cytotoxicity. The 

basal medium consisted of Dulbecco’s Modified Eagle 

Medium (DMEM) supplemented with 10% fetal bovine 

serum (FBS), penicillin-streptomycin (10,000 U/mL) 

(GIBCO, ThermoFisher Scientific, Grand Island, NY, 

USA).

For the MTT assay, human keratinocytes (HaCaT, 

Cell Line Service 300,493) were plated in quadruplicate 

at a cell density of 1×104 cells/well in 96-well plates. 

Cell viability was performed following the manufacturer 

instructions at 24, 48, and 120 hours. For the cell 

scratch migration test, HaCaT cells were plated in 

triplicate at a density of 5×105 cells/well in 6-well 

plates and were evaluated at 0, 24, and 48 h. At 0 h, 

a P200 tip wound was made in each well. Five images 

of each group were made, and the quantification of 

the percentage (%) of the wound area was measured 

using ImageJ software (National Institute of Health, 

Bethesda, MD, USA). In both experiments, a group of 

cells grown under ideal conditions treated exclusively 

with the basal medium was used as a control. The 

cells were cultured at 37°C in a humidified incubator 

with 5% CO2.

Statistical analysis
The results are expressed as the mean ± standard 

deviation (S.D.). Data sets from the saliva and 

cell culture experiments presented a non-normal 

distribution (D’Agostino & Pearson normality test). 

For the BisGMA, TEGDMA, BPA, and phthalates, the 

differences among groups were analyzed by the paired 

Friedman nonparametric test followed by Dunn’s 

multiple tests. The differences among groups in the in 

vitro experiments were analyzed by the nonparametric 

Kruskal–Wallis test followed by Dunn’s multiple test. 

The value of P<0.05 was considered statistically 

significant. 

Results

BisGMA and TEGDMA release 30 min after spur 
attachment

The levels of BisGMA (1.74±0.27 μg/mL) and 

TEGDMA (2.29±0.36 μg/mL) in the saliva increased 

after 30 min in comparison to baseline (BisGMA 0±0 

μg/mL and TEGDMA 0±0 μg/mL) and 24 h groups 

(BisGMA 0±0 μg/mL and TEGDMA 0± 0μg/mL), 

without significant difference between the baseline 

and 24 h groups (Table 1).

BPA leached after spur attachment, without 
significant differences in phthalate levels

The levels of BPA in the saliva of the children 

increased 30 min after spur attachment (3.26±0.88 

μg/L) compared to baseline (1.15±0.21 μg/L) and 24 

h after (0.77±0.11 μg/L), without significant difference 
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between the baseline and 24 h groups (Table 2). 

We noted no significant differences in the levels of 

phthalates (DiBP and DBP) among the different time 

points (Table 2). The levels of DEP, DMP, and DEHP 

phthalates were not detected at any time point (data 

not shown).

Methacrylate-based leach of orthodontic resin 
reduced keratinocyte cell migration

The in vitro results showed that the viability 

significantly increased after 120 h compared to after 

24 h. The 48 h group was similar to the 24 h and 120 

h groups. We noted no difference among the dilutions 

at the same time point (Figure 2A). The percentage of 

the wound area was significantly decreased after 24 

h compared to 0 h in the D1, D2, and D3 groups and 

recovered at 48 h in all experimental groups (Figure 

2B and 2C).

Discussion

The release of monomers and their byproducts 

from a resinous compound used in bonding orthodontic 

spurs was evaluated in the saliva of children with 

anterior open bite and in vitro. BisGMA, TEGDMA, 

and BPA, but not phthalates, were released into the 

oral environment 30 minutes after polymerization 

and the exposition to methacrylate-based resin-

conditioned media increased the cell migration in 

human keratinocytes.

The presence of BisGMA, TEGDMA, BPA, and 

phthalates in the saliva of children over time was 

determined by HPLC and GC/MS. HPLC is the 

most widely accepted method for identifying and 

quantifying products from resinous dental materials 

because of its high efficiency in the evaluation of 

these compounds.9,12,19 However, the operational 

process and the techniques used for the extraction 

of sample compounds are widely variable,9,18,23,26 

which may generate different findings among the 

studies. In addition, the amount and size of samples 

may vary in studies, including in vitro and in vivo 

analysis, so standardization of the samples may be 

challenging.2,4,8,27 The difference in the commercial 

brands used may also lead to differences in the number 

of components released by the materials and their 

genotoxic and cytotoxic potential.4,10,19 Our study was 

based on the experimental protocol of Moreira, et al.18 

(2017) and Gomes, et al.23 (2020) to reduce the risk 

of error, thus increasing the capability of comparison 

among other studies.

Methacrylate-based dental materials are susceptible 

to degradation when applied clinically, so byproducts 

may be released into the oral environment.8 Compounds 

applied for bonding orthodontic accessories in the 

treatment of adults and pre-adolescent patients are 

among the degradable materials.11,18 We observed a 

significant pattern of increase in BisGMA, TEGDMA, and 

BPA concentrations after spur attachment in children, 

followed by a decrease that reached the initial values. 

An in vitro study quantified the elution of compounds 

from resin-based dental composites over one year 

and verified that BisGMA, HEMA, and UDMA were 

able to continuously elute from the materials up to 52 

weeks after initial immersion.28 In accordance, other 

studies also identified component release within the 

first minutes after polymerization.19 Polydorou, et al.4 

(2007) identified the presence in vitro of BisGMA and 

TEGDMA at 24 h and 7 days after polymerization.

The clinical application of each compound is also a 

factor that can interfere with the quantity of released 

byproducts.5,8,11,29-32 More fluid resinous materials 

present a higher percentage of leachable products 

released.8,30 Another important clinical factor to be 

Baseline 30 min 24 h

μg/mL Mean S.D.
(±)

Mean S.D.
(±)

Mean S.D.
(±)

BisGMA 0.0a 0.0 1.747b 0.2776 0.0a 0.0

TEGDMA 0.0a 0.0 2.292b 0.3628 0.0a 0.0

Table 1- Analysis of levels of BisGMA and TEGDMA in the saliva 
of children using spur as a treatment to anterior open bite. A 
total of 22 children participated in this study. Friedman followed 
by Dunn’s Multiple Comparison Test. p<0.05 was considered 
statistically significant. Different letters mean the statistical 
difference among groups

Baseline 30 min 24 h

μg/mL Mean S.D. 
(±)

Mean S.D. 
(±)

Mean S.D. 
(±)

BPA 1.154a 0.2117 3.264b 0.8823 0.77a 0.1197

DiBP 17.56 2.977 23.75 4.172 14 2.436

DBP 8.316 1.061 8.901 1.197 6.333 0.9697

Table 2- Analysis of levels of BPA, DiBP, and DBP in the saliva 
of children using spurs as a treatment for the anterior open bite. 
A total of 22 children participated in this study. No statistical 
difference in the amount of leached DiBP and DBP was detected 
during the periods of baseline, 30 minutes, and 24 hours after 
bonding the spur with the orthodontic adhesive. Friedman 
followed by Dunn´s Multiple Comparison Test. p<0.05 was 
considered statistically significant. Different letters mean the 
statistical difference among groups
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Figure 2- For the in vitro experiment, four photoactivated increments were immersed in a cell culture medium with three different volumes 
and dilutions: 5.5 mL (Dilution 1 – D1), 11.0 mL (Dilution 2 – D2), and 22.0 mL (Dilution 3 – D3). A group of cells grown under ideal 
conditions treated exclusively with the basal medium was used as a control group.  A – Viability assay using Human keratinocytes (HaCaT) 
plated in quadruplicate for the MTT assay (3-(4,5-dimethylthiazol-2yl)-2,5-diphenyl tetrazolium bromide) for 24, 48, and 120 hours (h). B – 
Cell scratch migration test with HaCaT cells plated and evaluated at 0, 24, and 48 hours (h). C – Representative image of the cell migration 
analysis. Kruskal–Wallis nonparametric test followed by Dunn’s multiple tests. Only p<0.05 was considered statistically significant. A: The 
* means different results from four hours groups within the same treatment. B: The * means different results from 0-hour groups within the 
same treatment
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considered is the volume of resin applied for different 

clinical situations and the time of the light curing 

process.5 The quantification of leachable products in 

most in vivo studies in the literature demonstrates 

that the release of byproducts is inversely proportional 

to the time after photoactivation of the resinous 

material4,5,27,29,32 and that most of the oligomer and 

monomer components are released within the first 

three to six hours after polymerization depending 

on the environment, with a rate of 80-100% release 

within the first 24 hours.27 Moreira, et al.18 (2017) 

identified significant BPA release in the saliva 30 

minutes after light curing and did not find significant 

results at day seven, presenting much less BPA leach 

one month after the attachment of the bracket. Based 

on the literature and considering the small volume of 

resin required for bonding the spurs, in this study, 

a 7-day follow-up was performed, which was long 

enough to identify the leach of the monomers after the 

spurs attachment in the children’s saliva. Factors that 

interfere with the polymerization of resin materials, 

such as short light-curing time and distance between 

the material surface and light source, may contribute 

to a significant increase in the cytotoxic effects of the 

resin compounds.26 The polymerization of the adhesive 

system was standardized in both in vivo and in vitro 

experiments and performed by the same operator, 

thus avoiding experimental procedure bias.

Bisphenol A (BPA) is worldwide produced in large 

quantities and is a near-ubiquitous substance in 

today’s world. It is widely used for manufacturing 

polycarbonate plastics, which are found in the 

protective lining of plastic canned food items and 

plumbing pipes. BPA-based epoxy resins are also 

widely used for their adhesive properties in dental 

materials. BPA-detectable levels have been found in 

the urine of 93% of Americans aged six or older,33 

with 0.014 μg/l being the maximum quantified 

BPA concentration in European found in potable 

water.34 Consequently, BPA has spread through our 

environment, making daily human exposure to BPA 

very intense. In this study, the baseline and 24 h 

after the spur attachment with resinous material 

groups presented BPA levels different from zero, with 

increased levels 30 minutes after bonding. These initial 

and 24 h after BPA values might be explained due to 

the patients’ environmental exposure to BPA from 

other possible sources. BPA exposure and average 

daily release were analyzed by previous studies in 

dental composite resins for dental restorations, glass 

ionomers, sealants, root canal sealers, and adhesives 

systems for orthodontic purposes.5,8,11,29-32 The average 

daily release of BPA from dental composite and resin 

glass ionomers ranged from 0.58±0.06 ng/g/day to 

7.87±1.33 ng/g/day and 0 ng/g/day to 0.48±0.27 

ng/g/day, respectively, in artificial saliva on the first 

day of an in vitro experiment, which is dependent on 

polymerization condition.29 In addition, BPA released 

from composite materials (one fissure sealant, two 

adhesives, and one root canal sealer) varied from 

1.1±0.2 pg BPA/mg material to 21.4±2.3 pg BPA/mg 

material according to the type and amount of material 

and light-curing system used.5 Bagley, et al.11 (2021) 

demonstrated that the highest total BPA exposure was 

estimated for a dental restoration application compared 

to dental sealants and orthodontic adhesives, with the 

dental restoration application showing an average BPA 

exposure of 323.8 ng/treatment. TEGDMA may also 

arise from dental-cured products.8,30,31 TEGDMA light-

cure dependent release from sealant samples ranged 

from 26.6 ppm to 84.98 ppm31 and TEGDMA in-vitro 

release from orthodontic adhesives was 31.7 µg/

mL.8,30 Our results showed that 30 minutes after the 

spur bonding with the orthodontic adhesive system, 

the BPA levels increased almost three times compared 

to baseline levels and presented approximately 76% 

reduction after 24 hours. 

Phthalates have been linked to health problems, 

such as early puberty in women,35 infertility, thyroid 

development, asthma, allergies, diabetes, increased 

risk to the breast and prostate, and changes in immune 

functions.17 This study evaluated the presence of 

phthalates in saliva; however, only DBP and DiBP were 

identified in the samples. The presence of phthalates in 

dental materials has already been identified.36 In our 

study, DEP and DMP were identified in concentrations 

below the limit of detection. The absence of these 

compounds in the saliva samples was not observed 

in other studies.17,36 A study found that DEP could be 

released from orthodontic resin aqueous media.37 In 

another study, DMP and DEP were detected in saliva 

samples of patients who had oral squamous cell 

carcinoma (OSCC) and in patients without this tumor.23 

Therefore, the absence of DMP and DEP could be 

related to their degradation and absorption by saliva 

enzymes and oral tissues.38

Although the concentrations of DiBP and DBP can 

be related to the employment of resin, other sources 
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can influence their concentration levels. The main 

sources of DiBP and DBP are not limited to food 

packages, cosmetics, and personal care products, but 

also solvents, plastic materials, and even dust particles 

that can be aspirated and ingested.17,39 The patients 

from this study did not have access to items that could 

be sources of phthalates in the sample collection. In 

our study, although not significant, DiBP and DBP were 

detected in all periods of salivary samples collected 

before and after the spur bonding. Similar events have 

been reported in other in vitro studies.36

The concern with the release of resin composite 

byproducts is that these components are toxic 

to tissues and cells.10,25,40 Cell culture studies 

demonstrated that BisGMA release simulated estrogen 

function in the body13,41 and that BPA was able to 

induce migration, proliferation, and estrogenic activity 

in MCF-7 breast cancer cells.41,42 TEGDMA exhibited 

excellent viscosity and copolymerization behavior 

and revealed considerable cell cytotoxic potency.40 

We identified changes in cellular behavior in HaCat 

cells, showing an increase in cell migration in cultures 

exposed to methacrylates.

The resin-based products may also be cytotoxic to 

human gingival fibroblasts and keratinocytes and might 

interfere with cell proliferation and migration.10,25,40,43 

The cytotoxicity of monomer release may occur in 

a dose-dependent manner and is dependent on the 

followability of the resin.44,45 Theilig, et al.25 (2000) 

evaluated the effect of BisGMA and TEGDMA on the 

induction of cell migration and proliferation of human 

fibroblasts and keratinocytes. It was identified that 

the presence of BisGMA without TEGDMA was able to 

significantly induce cell migration.25 In agreement with 

previous studies, the monomers present in the cell 

culture medium with the different dilutions increased 

the cell migration rate when compared to the control 

group. 

A limitation of our study is that most of the cell 

culture materials consisted of plastic components and 

the levels of BisGMA, TEGDMA, and BPA were not 

measured in the cell culture medium at the different 

experimental time points. Another factor to be 

considered is the limitation of the in vitro experiment 

to represent the oral environment. During the in vivo 

experiment, the constant flow of saliva decreases the 

contact of human cells with the leached monomers, 

so the effects of these monomers on keratinocytes 

are expected to be lower than in vitro. However, 

through the in vitro analysis, the monomers are kept 

in constant contact with the cells in the medium, thus 

the toxicity of leachable compounds may increase in 

cell culture keratinocytes.

Issa, et al.43 (2004) evaluated the cell viability and 

cytotoxicity of resinous materials applied directly to the 

culture in human gingival fibroblasts by MTT and found 

that all monomers used in the manufacture of these 

materials, including BisGMA and TEGDMA, showed 

significantly reduced cell activity. Considering the 

immediate risk of monomers release from the adhesive 

system used to attach the spurs is related to epithelial 

cells, we tested cytotoxicity on HaCat monolayers. 

Under the conditions of the in vitro experiment, our 

results exhibited no significant difference in cell viability 

related to the monomer dilutions. On the contrary, we 

observed increased migration in the monomer-treated 

dilutions. Our results are aligned with a previous 

work reporting a slight interference of metallic ions 

and residual monomers on in vivo exfoliated buccal 

mucosa cells.46 Although methodologically dissimilar, 

Toy, et al.46 (2014) showed an increased number of 

bi-nucleated buccal epithelial cells, representing some 

morphological evidence of composite treated with 

Transbond stimuli after six months of assessment.

Treatment with lingual spurs in children with the 

anterior open bite is a method of known effectiveness 

and is well accepted by children.21 Although the resin 

used for spur bonding and spur attachment remains 

in contact with saliva at the edge of the appliance, 

patients were still exposed to BisGMA, TEGDMA, and 

BPA release, which could cause harm, especially in 

children. Nevertheless, considering that the peak of 

monomers leach at 30 min after its polymerization 

and subsequent release is almost null after 24 h, 

the level seems to be within the existing regulations 

and recommendations considered by authorities 

of 50 mg per kilogram per day.19,47 The impact of 

cumulative or low-dose effects over a long period 

should not be underestimated and should be taken 

into consideration. Therefore, it is recommended 

that orthodontists should be aware of the risks and 

preventive procedures to reduce patient exposure.

Conclusion

Resin composites, used to attach spurs in children 

with anterior open bites during orthodontic treatment, 

Release of leachable products from resinous compounds in the saliva of children with anterior open bite treated with spur
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release leachable products after polymerization and 

can influence the behavior of human keratinocytes in 

cell culture, even at low concentrations. Considering 

the health risks of leachable products, the release 

of derivatives from identified composites warns the 

dangers of compound applications in orthodontic 

treatments. More studies should be carried out to 

better understand the effects of these products on 

human cells.
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