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Objectives Fixed orthodontic retainers are pivotal in determining the success of treatment outcomes. However, the bonding
materials utilized in their construction are not completely inert. These materials may release bisphenol A (BPA), a compound
associated with various health risks. This study aimed to evaluate the cytotoxicity of potential bonding agents used in fixed
orthodontic retainers.

Methods In this experimental study, human gingival fibroblasts were cultured and subjected to various dental materials. These
materials included acrylic resin (representing removable retainers), Transbond LR, and Enlight LV (which are common adhesives
for fixed retainers), as well as Gradia Direct, Direct Flo, and Herculite XRV (commonly used in restorative composites). A control
group was also exposed to normal saline. Discs measuring 0.5x1x1 mm were prepared from these materials. The viability of the
fibroblasts was assessed using the MTT assay, and a statistical analysis (one-way analysis of variance) was conducted to compare
the groups at a significance level of 0.05.

Results The results of statistical analysis indicated no significant difference between the groups in terms of cytotoxicity for human
gingival fibroblasts (p=0.71).

Conclusion None of the tested materials negatively impacted the viability of human gingival fibroblasts. These results provide
valuable clinical insights, reassuring orthodontic practitioners about the safety profile of these commonly used materials in the
context of fixed orthodontic retention and restorative procedures.
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Introduction

Retention plays a pivotal role in orthodontic treatment. It is
essential to prevent unwanted tooth movement and preserve
the results of treatment. ' Retention in orthodontics can be
achieved through two methods: removable retainers and
bonded retainers. > Bonded and removable retainers are
used under specific circumstances. Bonded retainers are
often preferred by patients due to their convenience. They
eliminate the need for regular wear and are seen as more
aesthetically pleasing. Additionally, they do not require the
patient to comply with a wear schedule. > While bonded
retainers are often the preferred choice for patients, they
come with their own set of challenges. These retainers can
cause undesired tooth movements and interfere with oral
hygiene practices, leading to gingival inflammation. There
is also a risk of them becoming detached and loose. *
Bonded retainers, designed for permanent use, are
continuously exposed to the oral environment and oral
fluids. * It is important to note that these retainers are not
completely inert. Resin-based materials, when used in the
oral cavity, have been linked to a number of adverse
effects. These effects can be both localized and systemic,
resulting from the release of reactive substances into the
oral cavity. These substances can include residual
monomers, oxidation byproducts, and catalysts among
others. ® Specifically, the presence of bisphenol A (BPA) in
the oral environment should be regarded as a potential
health risk. ’

BPA is frequently used in the production of polycarbonate
plastics and epoxy resins. These materials are extensively
used in a variety of modern applications, including the
packaging of food and beverages. ® In the field of dentistry,
a significant number of orthodontic splints and plastic
brackets are constructed from a polycarbonate matrix,
which is produced using BPA. ° Significantly, BPA has
been associated with a range of health issues. These include
hormonal imbalances, obesity, diabetes, asthma, behavioral
changes, cancer, infertility, and genital anomalies. ' The
European Food Safety Authority (EFSA) has established
the tolerable daily intake of BPA at 50 micrograms per
kilogram of body weight. ''

Given the significant role of fixed retainers in the success
of orthodontic treatment and the potential toxicity of BPA
on living cells, it becomes crucial to consider the quantity
of BPA that might be released from these retainers. °
Recent findings indicate that none of chemically cured and
light-cured orthodontic adhesives used for bracket bonding
show a detectable release of BPA, with levels falling below
0.1 ppm. Furthermore, these adhesives do not exhibit
estrogenic activity. However, it is important to consider the
extensive use of lingual fixed retainers, which require long-
term exposure to the oral cavity. These retainers are in
direct contact with the oral mucosa for extended periods,
potentially allowing for the slow release of significant
amounts of reactive substances. Therefore, this study aimed
to evaluate the cytotoxicity of materials potentially used as
bonding agents in orthodontic fixed retainers.
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Methods and Materials

The study method was approved in the research committee
of Tabriz University of Medical Sciences (code 398).
Human gingival fibroblasts, obtained from the Pasteur
Institute in Tehran, Iran, were cultured in Dulbecco’s
Modified Eagle Medium (DMEM; Gibco, NY, USA). The
culture medium was supplemented with 10% fetal bovine
serum (FBS; Gibco, NY, USA) and 1% penicillin-
streptomycin (Gibco, NY, USA). '2 The cells were then
incubated in a 96-well plate, with a density of 3000 cells
per well for 24 hours at a temperature of 37°C in a 5% CO2
atmosphere.

The materials evaluated in this study included acrylic resin,
restorative composites, and bracket adhesives. Acrylic resin
was tested for cytotoxicity as it is commonly used in
removable Hawley retainers. Adhesives, such as Transbond
LR (3M Unitek) and Enlight LV (Ormco), were tested
since they are frequently used for bonding fixed retainers.
Additionally, materials widely used in restorative dentistry,
including Direct Flo, GC Gradia, Gradia Direct, GC
Gradia, and Herculite XRV (Orange, Kerr/Sybron, CA,
USA), were assessed for cytotoxicity.

In group 1, acrylic resin (Berkshire) was prepared as discs
with dimensions of 0.5%1x1 mm (n=12). They were placed
between two glass plates and cured for 20 seconds in a
pressure pot. In group 2, light-cured resin-bonded
composite (Transbond LR, 3M Unitek) was similarly
prepared into 0.5x1x1 mm discs (n=12) and placed
between two glass plates. The curing process for this group
lasted 20 seconds, utilizing the LITEX 680A Curing Light
(Dentamerica Inc., CA, USA). The power output during
this process was approximately 650 mw per square
centimeter, with a wavelength of 468 nm.

In a similar manner, for group 3, bonded retainers were
fabricated using a specific light-cured resin-bonded
composite (Enlight LV, Ormco). These were shaped into
0.5x1x1mm discs (n=12) and positioned between two glass
plates. The same curing procedure as previously described
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was applied to this group. For group 4, a flowable
restorative resin-bonded composite (Direct Flo, GC Gradia)
was prepared into 0.5x1xImm discs (n=12) and placed
between two glass plates. The curing method used was
identical to the one mentioned earlier.

For group 5, a restorative light-cured microfilled hybrid
composite resin (Gradia Direct, GC Gradia) was prepared
into 0.5x1x1mm discs (n=12). These were placed between
two glass plates and cured using the previously described
procedure. Similarly, in group 6, a restorative resin-bonded
composite (Herculite XRV, Orange, Kerr/Sybron, CA,
USA) was shaped into 0.5x1x1mm discs (n=12) using the
same method. Finally, as a control group, fibroblasts were
cultured in a complete medium without any treatment.

The composites were sterilized under the ultraviolet light of
a laminar hood for 30 minutes. Each block was then stored
in an equivalent amount of working culture medium for 24
hours at 4°C. Following this, the cells were cultured with
the conditioned media in 12 wells, repeating this process
for each group. After a 24-hour incubation period, the
conditioned medium was replaced with 200 uL of FBS-free
DMEM medium. Then, 20 pL of a 4,5-dimethylthiazol-2-
yl)-2,5-diphenyltetrazolium  bromide solution (MTT;
Sigma, USA) at a concentration of 5 mg/mL was added to
each sample well
Subsequently, 100 mL of dimethyl sulfoxide was added to
each sample to dissolve the formazan crystals. After 30
minutes in a dark room, the optical density was recorded
using an ELISA reader at a wavelength of 540 nm.

The data was analyzed using a one-way analysis of
variance (ANOVA). This analysis was conducted using
GraphPad Version 8. A P-value of less than 0.05 was
considered to indicate statistical significance.

and incubated for four hours.

Results

Table 1 provides a detailed overview of the mean and
standard deviation (error bars represent SEM) values for
each group.

Table 1: Quantities of BPA Release Across the Groups

Material Group code SD Mean
Acrylic resin Gl 0.072 0.794
Transbond LR G2 0.07 0.805
enLight Ormco G3 0.091 0.74

Gardia GC flow G4 0.061 0.775
GCGradia composite G5 0.074 0.768
LightBond composite G6 0.071 0.767
Complete medium CON 0.021 0.752

The ANOVA analysis revealed no statistically significant
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difference among the groups, as indicated by a P-value of
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0.7106. This suggests that the cytotoxicity levels across the
different materials tested are comparable. Figure 1 provides
a visual representation of these findings, displaying a bar
chart of the group means with error bars denoting standard
deviations. This graphical illustration aids in understanding
the data distribution and underscores the lack of significant
differences among the groups studied (Figure 1).

1.0+

FREL

Figure 1: Illustration depicting BPA release among different

groups. Blue: control. Red: Acrylic resin. Green: Transbond

LR. Purple: enLight Ormco. Orange: Gradia GC flow. Black:
GC Gradia composite. Brown: Light bond composite

Discussion

Fixed lingual retainers are crucial in maintaining the results
of orthodontic treatment. Therefore, it is essential to assess
the potential release of BPA from these retainers,
considering their potential toxicity to living cells. '* Fixed
lingual retainers, compared to orthodontic brackets, contain
a greater volume of composite adhesives and are typically
kept in the mouth for extended periods. As a result,
evaluating the release of BPA from these retainers is
particularly important to ensure the safety and well-being
of patients undergoing orthodontic treatment.

This study investigated six materials that are commonly
utilized in dentistry and orthodontics. Notably, Transbond
LR (3M Unitek) and Enlight LV (Ormco) are often used as
adhesives for bonding lingual fixed retainers. Acrylic resin,
a material frequently used in the fabrication of removable
orthodontic retainers, was also examined. Other materials,
such as Gradia Direct (GC Gradia), Direct Flo (GC
Gradia), and Herculite XRV (Orange, Kerr/Sybron CA,
US), which are used in tooth-colored restorations, were
included due to their similar exposure conditions to lingual
arch bonding.

The aim of this study was to compare the cytotoxicity of
each material group with a control group, which was
cultured in a complete medium. The findings revealed no
significant difference between the cytotoxicity of study
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groups and the control group. However, Bationo et al,"
Eliades et al, 16 and Moreira et al. 7 found that BPA was
released in noticeable amounts. In the study by Bationo et
al, '° they used different light-cured composite resins for
fixed retainer bonding from the ones used in the current
research, which might explain the difference between the
results. Also, in the study by Eliades et al,'® the method of
measuring BPA release was gas chromatography-mass
spectroscopy analysis. Therefore, the observed differences
between the studies could be attributed to the variations in
the methods used for measurement.

Based on animal studies conducted by Jedeon et al. in
2013, it was found that exposure to BPA significantly
affected amelogenesis, resulting in permanent enamel
defects. '*'? However, it is important to consider that the
metabolism of BPA in rodents is significantly different
from that in humans. Additionally, the concentration of
BPA in rodents used in those studies is considerably higher
than the levels typically observed in human subjects. *° In
that review study, the researchers determined that the
release of BPA from dental composites used in restorative
procedures has a negligible impact within clinical settings.
Interestingly, the present study had similar findings,
thereby corroborating the minimal influence of BPA in the
application of dental materials. *° The divergence in
findings between the present study and the one conducted
by Moreira et al. '’ may be due to the differences in the
dimensions of the samples. In the present study, smaller
samples were utilized, specifically discs measuring
0.5x1x1 mm. Conversely, Moreira et al. used larger
samples for composite restoration materials, with a
diameter of 5 mm and a thickness of 3 mm. This
discrepancy in sample dimensions could potentially
account for the variation in the results observed.

A key limitation of this study is the brief exposure
duration, which may not accurately represent the long-term
effects of the materials under investigation. This limitation
should be kept in mind when interpreting the study results
and drawing conclusions. Future research involving larger
sample sizes and extended exposure periods would be
advantageous for a more thorough understanding of the
effects of these materials.

Conclusion

The present study found that the viability of human
gingival fibroblasts was not adversely affected by the
materials tested. However, it is important to exercise
caution when considering the risks associated with BPA
exposure. The study focused solely on cell viability,
without examining the potential cellular toxicity or
estrogenic effects of BPA. The results could be influenced
by prolonged oral exposure to these materials.
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