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Abstract: Malocclusion and teething problems are common health problems globally, affecting people
of all ages, especially children and adolescents. In addition to the pathophysiological complications
associated with orthodontic problems, they also affect the well-being of the individual. Orthodontic
appliances are frequently used, even from an early age, and their activity in different biological
environments is very varied and incompletely described. Due to these considerations, the purpose of
the study was to evaluate the toxicological profile of the biological environment (saliva at three pH
values: 3,7, and 10) of two elastodontic orthodontic appliances: Myobrace (MB) and LM TrainerTM 2
(LMD). In vitro techniques applied were conducted on human keratinocytes to evaluate cell viability
(Alamar blue assay) and gene expression real-time reverse transcription-polymerase chain reaction
(RT-PCR technique). In addition, it was assessed the irritating effect on the vascular plexus using
as a biological model the chorioallantoic membrane of the hen’s egg by applying the hen’s egg-
chorioallantoic membrane (HET-CAM) method. The obtained results showed a decrease in cell
viability up to 82% in the case of LMD at pH = 3, a slight increase in mRNA expression for the
anti-apoptotic marker (Bcl-2 and Bcl-xL), and a decrease in mRNA expression for the pro-apoptotic
marker (Bad), and any type of toxic change at the capillary level (irritation score being below 0.9).
Based on the data obtained, it can be stated that MB and LMD biological environments, at different
pH values, present a safe toxicological profile.
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1. Introduction

Malocclusion is an alteration of the developers, not necessarily a pathology. At the base
of this medical condition are multiple factors, including genetic heredity, psychological and
physical factors, trauma, or unhealthy habits. Unfortunately, patients who have defects of
normal tooth developers are responsible for two or more etiological factors. However, some
factors can be prevented by applying appropriate treatment that can cross malocclusion
in time [1]. In terms of impact on oral health, malocclusion is considered one of the
biggest dental problems, ranking third in the incidence of the disease after tooth decay
and periodontal disease [2]. In addition to its impact on the physical appearance and
psychological state of patients, malocclusion also has other physiological and pathological
complications such as the increased risk of tooth decay, dental lesions, and various diseases
of the temporomandibular joint [3]. Regarding the quality of life, it comprises several
areas, including self-esteem, psychological, and social status. Oral health is one of the
major factors that can influence well-being, especially among children and adolescents.
Given that malocclusion mainly affects these age groups, children and adolescents may
experience psychological discomfort that can affect their quality of life and physical and
psychological functioning [4]. One of the methods of preventing these diseases is to
start early orthodontic treatment, also known as a preventive and interceptive treatment.
This therapeutic approach can be employed from childhood since the development of
dentition [1]. The classification of malocclusion from the skeletal and dental point of
view is important both from the point of view of diagnosis and from the point of view
of the therapeutic approach [5]. In the early 1990s, Angle first made a classification of
malocclusion in terms of the mesio-distal relationship of the teeth. This classification
was based on the first remaining maxillary molar and includes three classes marked with
Roman numerals (Class I, II, and III) [6]. Class I is the most common form of malocclusion
and is characterized by a normal molar relationship but with incorrect tooth position.
The main clinical manifestation of this class of malocclusion is the defective alignment
of the anterior teeth, especially the mandibular teeth [7]. Class II of malocclusion has a
lower incidence compared to class I (between 2% and 15% of cases of malocclusion in
Europe) and, according to the latest classifications, can be divided into three subcategories
depending on the position of maxillary lateral incisors with severity ranging from low
to severe [8]. Class III malocclusion is considered a complicated maxillofacial pathology,
characterized by a concave profile with the presence of mandibular protrusion, maxillary
retrusion, or a combination thereof. Due to the little information regarding this subcategory
of malocclusion, the specialists in the field face major problems both in terms of the
correct diagnosis of the disease and the establishment of appropriate treatment [9]. The
goal of early treatment is to improve dental and skeletal development. In addition, by
introducing the treatment still in the developmental stage of the dentition, there is a
decrease in the malocclusion and of the treatment time for the correction of the permanent
dentition [10]. One of the recent approaches to orthodontic treatment is to determine the
causative factors of malocclusion, such as artificial breastfeeding, frequent and prolonged
use of the pacifier, or mouth breathing. Thus, by correcting these habits simultaneously
with dental alignment by using elastodontic dental appliances, it is gaining more and more
ground in orthodontic practice [11]. On the other hand, the other alternative approach to
these dental diseases is represented by the use of bracket devices that have the disadvantage
number, the most important being the high percentage of recurrence [12]. Two of the most
elastodontic orthodontic appliances are Myobrace for Kids from Myofunctional Research
Co. (Helensvale, Australia) (MB) and LM TrainerTM 2 (LMD). These are detachable devices
composed of soft elastomeric material and aim to correct class II malocclusion. They have
the advantage of acting through two major mechanisms, namely: (i) guiding the growth of
teeth and (ii) correcting the mandibular posture [13]. The Myobrace device is a three-phase
device designed to correct harmful habits as well as to treat jaw development problems.
Among the actions it exerts at the level of the oral cavities are the correct positioning of
the tongue in the upper jaw, the improvement of the oral muscles, and the alignment of
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the teeth by applying force. This type of device can be used in all age groups, but the
highest efficiency was observed when is used in primary dentition in children aged three
years [14]. LM TrainerTM 2 is a medical device used with beneficial effects in children
aged 3 years and is effective in correcting tooth eruption. The treatment had the advantage
of being effective in restoring the physiological occlusion and in eliminating the need for
further treatment.

The purpose of the present study was to evaluate the toxicological profile of the
biological environment of these orthodontic appliances by both in vitro and in ovo methods,
previously described in the literature as useful tools for describing the safety profile of
orthodontic devices [15]. Briefly, three types of saliva with acidic, neutral, and basic pH
were prepared to observe the influence of pH related to the safety profile of orthodontic
devices. Saliva samples were characterized: (i) from a physico-chemical point of view
(microstructural changes—Scanning Electron Microscopes (SEM) analysis) and (ii) in terms
of toxicological profile, in vitro techniques conducted on human keratinocytes (cell viability
assessment—Alamar blue assay, gene expression—RT-PCR) and in vivo assay (angiogenic
effect—hen’s egg chorioallantoic method—HET-CAM).

2. Materials and Methods
2.1. Reagents

The samples were provided by national dealers: (i) Medium Myobrace for Mixed
Dentition (MB), purchased from Myofunctional Research and Co., Helensvale, Australia,
(www.myobrace.com, accessed on 15 October 2021) and (ii) LM Trainer™ 2 Medium
(LMD), purchased from LM-Instruments Oy, Parainen, Finland (www.Im-dental.com). The
reagents used for the preparation of artificial saliva were: CaCl,-2H,O (purity > 99.5%)
from Honeywell Fluka™ (Charlotte, NC, USA); NaCl (purity > 99.5%) from Chimopar
S.A (Bucuresti, Romania); CO(NH;); (purity > 99.5%) from Sigma-Aldrich (St. Louis, MO,
USA); KCl (purity > 99.8%), NaOH pellets (purity > 99.3%) from Chimreactiv (Bucuresti,
Romania) and HCI 37% from Honeywell Fluka™ (Charlotte, NC, USA). Phosphate saline
buffer (PBS), trypsin-EDTA solution, dimethyl sulfoxide (DMSO), fetal bovine serum
(FBS), penicillin/streptomycin, and Resazurin reagent were purchased from Sigma-Aldrich,
Merck KgaA (Darmstadt, Germany). The cell culture medium, Dulbecco’s Modified Eagle
Medium (DMEM-ATCC® 30-2002™™), was acquired from ATCC (American Type Cell
Collection, Lomianki, Poland). Trizol reagent was purchased from Thermo Fisher Scientific,
Inc. (Waltham, MA, USA), Quick-RNA™ purification kit from Zymo Research, Maxima®
First Strand cDNA Synthesis Kit from Fermentas, Power SYBR-Green PCR Master Mix
from Thermo Fisher Scientific, Inc. (Waltham, MA, USA), primers (185 housekeeping
genes, Bax, Bcl-2, and Bad) from Thermo Fisher Scientific, Inc. (Waltham, MA, USA) and
Eurogentec (Seraing, Belgium).

All reagents were of an analytical grade of purity and for cell culture use.

2.2. Preparation of the Artificial Saliva with Different pH Values

Artificial saliva solutions with different pH values (3.072 (at 30.7 °C), 7.139 (at 29.6 °C),
and 10.005 (at 29.5 °C)) were prepared according to the method of Alves and co-workers [16].
First, the neutral artificial saliva (pH = 7.139) was obtained by weighing 0.40 mg/L NaCl;
0.40 mg/L KCI; 0.80 mg/L CaCly-2H,0 and 1 mg/L CO(NH;),. All the reagents were
dissolved in distilled water until a clear transparent solution was obtained. In order to
achieve the basic pH, the neutral artificial saliva was treated with 10 N NaOH aqueous
solution till the pH meter reached 10.005 value. For acidic pH, the initial artificial saliva
was lowered to a 3.072 value by adding HCI 37% [17]. All the pH solutions were measured
with a Thermo Scientific Eutech pH 150 portable pH meter with an electrode (Thermo
Scientific, Waltham, MA, USA).
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2.3. Storage Period of Samples in Artificial Saliva

The samples of dental appliances (MB and LMD) were separately integral immersed
in solutions of artificial saliva. After immersion, all samples (MB3, MB7, MB10, LMD3,
LMD?7, and LMD10) were kept in an incubator with an orbital shaker (ES20/60 Biosan,
Riga, Latvia) at 37 °C for 7 days, washed with distilled water, in order to remove all the
rest of artificial saliva solutions, and dried. Subsequently, the samples were subjected to
physico-chemical characterization and evaluation of the toxicological profile.

2.4. Scanning Electron Microscopy Analysis

All six samples, together with a control sample, were subjected to scanning electron
microscopy (SEM) to evaluate the microstructural changes in manufactured medical-grade
material (silicone) after imitating a permanent contact of the material with artificial saliva.
The SEM analysis was performed by employing a Hitachi SU8230 cold field emission STEM
(Chiyoda, Tokyo, Japan).

2.5. Cell Culture

The present study was performed using human immortalized keratinocytes, the
HaCaT cell line, purchased from CLS Cell Lines Service GmbH (Eppelheim, Germany) as
a frozen vial. The cells were cultured in their specific medium (DMEM) supplemented
with 10% FCS and 1% antibiotics (100 U/mL penicillin/100 ng/mL streptomycin) and
incubated in a humidified atmosphere (37 °C, 5% CO;) during the experiments.

2.6. Cell Viability Assessment

The cell viability assessment was performed using the Alamar blue technique. In
brief, the HaCaT cells were seeded in 96-well plates (10* cells /200 pL/well) and allowed to
grow until the proper confluence was reached. The cells were treated with three dilutions
(1:4, 1:2, and 1:1) of MB and LMD saliva samples and incubated for 72 h. At the end of
the treatment, a volume of 20 uL of Alamar blue (resazurin) reagent was added to each
well, followed by a 3 h incubation at 37 °C. The absorbance values were measured at 570
and 600 nm using Cytation 5 (BioTek Instruments Inc., Winooski, VT, USA). The results
were expressed as a percentage of viable cells (%) and were calculated using the formula
mentioned in a previous study [18].

2.7. Gene Expression

RT-PCR analysis was conducted in order to establish the influence of saliva test
samples on gene expression. The main step of the analysis were: (i) cell growth—the
HaCaT cells, a number of 10° cells per well, were seeded on six-well plates and were
allowed to adhere to the plate overnight; (ii) cell treatment—on day two, cells were treated
with 1:1 (v:v%) test samples:cell culture medium mixture for 24 h; (iii) RNA isolation—total
RNA was isolated using the Trizol reagent and the Quick-RNA™ purification kit; (iv) RNA
transcription—total RNA was transcribed with Maxima® First Strand cDNA Synthesis Kit
and (v) quantitative real-time PCR analysis—with Quant Studio 5 real-time PCR system
(Thermo Fisher Scientific, Inc., Waltham, MA, USA) in the presence of Power SYBR-Green
PCR Master Mix.

2.8. Hen'’s Egg Test—Chorioallantoic Membrane (HET-CAM) Assay

To evaluate the biocompatibility and potential irritant effect of MB and LMD at the
capillary level, the Hen’s Egg Test (HET-CAM) method was used. For this purpose, the
eggs were washed, disinfected with alcohol of 70% concentration, dated, and placed in the
incubator. On the third day of incubation, perforation of the hen’s eggshell was performed,
and a volume of approximately 7 mL of albumen was extracted in order to facilitate
the detachment of the chorioallantoic membranes from the inner shell of the egg, thus
allowing easy visualization of vascular plexus. The next day of incubation, at the top of the
egg, a window was cut, which was then covered with adhesive tape, and the eggs were
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reintroduced into the incubator until the day the experiment began. The method applied
for determining the irritative potential of the samples was the one described previously in
the literature and readapted to the conditions of our laboratory [19]. The experiment was
performed on the 10th day of incubation. Three eggs were used for each sample, at which
a volume of 500 pL of each sample was added. The samples tested for the irritating effect
were represented by the highest concentration (1:1) previously tested in vitro. In parallel, a
positive control of 1% sodium dodecyl sulfate and a negative control of water were used.
The changes determined at the level of the vascular plexus were observed for 5 min using
a stereomicroscope (Axio CAM 105 color, Zeiss), taking two sets of pictures, one before
the time of application of the sample and one after 5 min after application. To determine
the irritant potential, three major changes at the capillary level were followed, namely:
hemorrhage (H), vascular lysis (L), and coagulation (C). Finally, the analytical method for
calculating the irritation score according to the literature formula was applied [20-22]:

301 - H 301 - L 301 -C
IS—5><7300 —i—7><7300 +9 x 300

Depending on the value of the irritation score, the substances can be classified as
presented in Table 1 [21,22]:

Table 1. Classification of substances according to the irritation score.

Irritation Potential Irritation Score
Non-irritating 0-0.9
Irritating 1-8.9
Severe irritating 9-21

2.9. Statistical Evaluation

The GraphPad Prism 9 software (GraphPad Software, San Diego, CA, USA) was used
to analyze and exhibit the statistical analysis results. One-way ANOVA test was employed
to establish the statistical differences of saliva samples vs. blank sample, followed by
Tukey’s post-test (* p < 0.05, ** p < 0.01, *** p < 0.001 and **** p < 0.0001).

3. Results
3.1. Scanning Electron Microscopy

The SEM images of the Medium Myobrace (MB) dental appliance, before and after a
week of artificial saliva immersion at different pH values (acidic, neutral, and basic), are
shown in Figure 1, and the SEM images of LM Trainer™ 2 Medium (LM) dental appliance,
before and after a week of artificial saliva immersion at different pH values, are shown in
Figure 2. The pictures are recorded at different orders of magnitude (200, 20, and 1 pum).

As can be seen from the figures, regardless of the pH value of the artificial saliva in
which the samples were immersed for 7 days, none of the solutions affect the material from
which the two samples are made. Considering that the artificial saliva at different pH values
does not change the design or material of pre-orthodontic appliances, can be considered a
satisfactory result, given that these pre-orthodontic appliances are designed to align the
teeth into their natural position. In addition, LM Trainer™ 2 is an activator and aligner
for orthodontic treatment, which means that alignment, leveling, and anteroposterior
correction of the teeth can be conducted at the same time without separate phases.
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MB - acidic

Figure 1. SEM images of Myobrance dental appliance, before (control) and after immersion, in differ-
ent pH values of artificial saliva solutions (acidic, neutral, and basic), at various magnification orders.

3.2. Cell Viability

To evaluate the toxicological profile of the biological environment of MB and LMD,
the saliva samples were diluted in a DMEM culture medium (1:4, 1:2, and 1:1) and tested
on human immortalized keratinocytes (HaCaT) for 72 h. The viability of HaCaT cells
was assessed by means of the Alamar blue assay at the end of a 72 h treatment. The
results revealed slight activity of the biological environment of two materials on human
keratinocytes. Thus, in the case of MB (Figure 3A), the viability percentages were almost
similar to the control (untreated cells) for the diluted samples, while the lowest viability
value was registered at pH = 3 for MB 1:1 (86.055%). The cells’ treatment with LMD
(Figure 3B) also revealed a slight decrease in the cell viability percentages at all dilutions
and pH values at a range between 95.095% (MB3; 1:2) and 82.73% (LMD3; 1:1).
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A)

i - -

Figure 2. SEM images of LM Trainer™ 2 Medium dental appliance, before (control) and after
immersion, in different pH values of artificial saliva solutions (acidic, neutral, and basic), at various

magnification orders.

B)
HaCaT - human keratinocytes HaCaT - human keratinocytes
150 150
S MB3 2
5 < LMD3
100 buind *x 1004 * *k
% - ** s MB7 E—? e = o = LMD7
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= 50 5 50
o o
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c,°° I
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Figure 3. In vitro evaluation of the effect exerted by (A) MB and (B) LMD (1:4, 1:2, 1:1) after 72 h of treatment on the viability
of human immortalized keratinocytes (HaCaT) by performing the Alamar blue assay. Data are presented as viability
percentages (%) normalized to control and expressed as mean values & SD of three independent experiments performed
in triplicate. The statistical differences between the control and the treated group were verified by applying the one-way
ANOVA analysis followed by Tukey’s multiple comparisons post-test (* p < 0.05; ** p < 0.01; *** p < 0.001).
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3.3. RT-PCR

Considering the results obtained from the viability test and observing that MB and
LMD do not exert pronounced cytotoxic effects, it was decided to evaluate the main
markers involved in apoptosis, namely the Bcl-2 and Bel-xL anti-apoptotic marker and the
Bad pro-apoptotic marker. The results obtained from the RT-PCR analysis performed on the
human keratinocyte cell line exposed to six saliva samples showed that the samples exerted
an increase in mRNA expression for the anti-apoptotic marker (Bcl-2 and Bcl-xL) (Figure 4).
At the same time, a decrease in mRNA expression was found for the pro-apoptotic marker
(Bad) (Figure 5).
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Figure 4. Relative fold change expression of mRNA of anti-apoptotic Bcl-2 and Bcl-XL markers in human immortalized
keratinocytes (HaCaT)—24 h after exposure to test samples, mRNA expression levels normalized to 18 S expression, mean
values + SD of three independent experiments presented, one-way ANOVA with Tukey’s post-test used to identify the
statistical differences (* p < 0.05, ** p < 0.01, and *** p < 0.001).
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Figure 5. Relative fold change expression of mRNA of pro-apoptotic Bad marker in human immortal-
ized keratinocytes (HaCaT)—24 h after exposure to test samples, nRNA expression levels normalized
to 18 S expression, mean values & SD of three independent experiments presented, one-way ANOVA
with Tukey’s post-test used to identify the statistical differences.

3.4. MB and LMD Has No Irritative Effect in Ovo

Toxic potential and capillary biocompatibility were analyzed using the chorioallantoic
membrane by the HET-CAM test. This method allows testing the irritant effect at the
application site of samples under different forms. To obtain an overview of the irritant
effect and to calculate the irritation score of the samples, two controls were used, a positive
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SDS 1%

control (1% sodium dodecyl sulfate), and a negative control (water). The effects observed
(hemorrhage, vascular lysis, and coagulation) were recorded in the form of photographs
before and after 5 min after application to the membrane. The values of the irritation score
are presented in Table 2. It can be observed that the highest irritation score was obtained,
as expected, in the case of the positive control (19.31). After applying a volume of 500 uL
of SDS to the vascular level, the induction of massive destructions was noted, with lysis,
coagulation, and intense hemorrhage (Figure 6). In addition, the death of the specimens to
which SDS was applied was recorded less than 60 min after application. Regarding the
effect of tested samples, both MB and LMD did not exert any type of toxic change at the
capillary level (IS < 0.9) (Figure 6). In addition, the specimens at which these samples were
tested showed suitable viability, with a survival rate even after 24 h of application. Both
the effects at the vascular level and the irritation score obtained for the tested samples were
similar to those obtained for the negative control, represented by water.

Table 2. Irritation score (IS) for SDS, MB, and LMD and the occurrence time of hemorrhage (tH), lysis
(tL), and coagulation (tC).

SDS 1% H,O MB 1:1 LMD 1:1
pH3 pH7 pH 10 pH3 pH7 pH 10
IS 19.31 0.13 0.82 0.67 0.73 0.46 0.28 0.82
tH 17s 300 300 300 300 300 300 300
tL 21s 300 300 300 300 300 300 300
tC 33s 298 275 280 278 287 293 275
MB 3 MB 7 MB 10

H20

Figure 6. Analysis of the irritant potential of MB and LMD by the HET-CAM method. Stereomicroscopic images of CAMs
inoculated with negative control—H,O, positive control—SLS and test saliva samples.
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4. Discussion

The number of patients requiring orthodontic treatment due to malocclusion is con-
stantly increasing. Discomfort caused by orthodontic appliances has a negative effect
on patients” compliance with treatment [23]. Like other medical therapies, orthodontic
interventions raise issues in terms of exposing patients to different types of risks. Risks
associated with the use of orthodontic appliances include toothache, periodontal damage,
root resorption, tooth enamel damage, and cavities [24]. Given these side effects of classical
orthodontic therapy, research in the field has focused on finding new solutions. One of
the elastodontic therapies for malocclusion is an alternative or myofunctional orthodon-
tics [25]. Prefabricated myofunctional devices have gained popularity in recent years in
terms of correcting various types of malocclusions in the pediatric category. The advantage
of this type of therapy is that it targets the etiological factors underlying the pathology
and intervenes in the correction of oropharyngeal muscle dysfunction, contributing to
improving the health of the oral cavity, physical appearance, but also the posture of the
tongue and airway volume. Although the effectiveness of the treatment has been proven in
multiple clinical trials, the issue of compliance and safety profile remains to be discussed,
even considering that this type of treatment is especially addressed to children and adoles-
cents [26]. Orthodontic appliances are meant to stay in contact with the oral mucosa for a
long time, and for this reason, biocompatibility studies are an important step in ensuring
their safe use. Conventional orthodontic appliances are usually composed of metals and
alloys that can exert toxic effects on the cells of the oral cavity [27]. In addition, mobile
orthodontic appliances contain different metal ions that can exert toxic effects at the cellular
level. Wepner and colleagues have shown that metal ions are released from orthodontic
appliances depending on the pH of the solution [28]. They noticed that the highest concen-
tration of metal ions released was aluminum. Similarly, Karnam and co-workers pointed
out that the release of metal ions is accentuated in the first week after the devices are
immersed in the solution, and then the release is slowed down [29]. In this experimental
study, it was proposed to evaluate the toxicological profile of the biological environment
in which two orthodontic appliances frequently used by children up to three years of age
were immersed. The physico-chemical, in vitro, and in ovo methods applied in the present
study for evaluation are recognized for establishing this type of toxicological profile of
biological environments [30,31]. The SEM results showed no substantial morphological
changes after 7 days of contact between the acidic, basic, and neutral artificial saliva and
pre-orthodontic appliances. Very suitable behavior of the orthodontic appliances” materials
to various acid or basic solutions is imperative because these two appliances must be worn
every day and overnight while sleeping, and the degradation of the material could lead to
non-conformities in its use. Thus, in this context, was assessed in vitro biocompatibility
by evaluating the effect on cell viability after 72 h of treatment in the case of the human
keratinocytes. The obtained results suggested that MB and LMD do not exert a notable
cytotoxic effect, the lowest value of cell viability being obtained in the case of MB3 (dilution
1:1, approximately 86%) and LMD3 (dilution 1:1, approximately 83%). For the assessment
of the in vitro toxicological profile, a very important step is to choose properly the cell
line at which the tests will be performed. Therefore, the cell line sensitivity may influence
the results of a cytotoxicity test. To evaluate the toxic effects of orthodontic appliances,
various cell lines that mimic the environment of the oral cavity can be used. The most
useful types of cell lines when testing the effects of orthodontic appliances are human
keratinocytes or gingival fibroblasts [32]. In addition, the HaCaT cell line has the advantage
of an increased proliferation rate while retaining the characteristics of the original test.
For this reason, HaCaT is recommended for standardized testing and is widely used in
scientific research [33]. In a study conducted by Locci et al. [34], the cytotoxic effects of
orthodontic appliances on human gingival fibroblasts were analyzed. It has been observed
that dental braces can yield metal ions such as Cu*”, Cr®*, or Ni**. These metal ions
showed cytotoxic effects in gingival fibroblasts. The strongest decrease in cell viability is
observed in the case of Cu**. The alternative to conventional devices is myofunctional ther-
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apy. Myofunctional orthodontic appliances are composed of soft elastomeric material [13].
In a study realized to evaluate the cytotoxicity of elastomeric materials used in dentistry
and orthodontics, it was noted that these materials do not have a cytotoxic effect on human
keratinocytes (HaCaT) [35]. Thus, the cell viability recorded in this study was like that
obtained in the current research. Although the myofunctional appliance is in medical
use, having beneficial effects on dentition, there are no data in the literature, as far as we
know, on their toxicological profile related to the biological environment. Considering the
results obtained from testing on human keratinocytes, the next step of this study was to
evaluate the impact of MB and LMD orthodontic appliances on the main genes involved in
the apoptosis process: Bcl-2, Bcl-xL, and Bad. Data revealed that by stimulating HaCaT
cells with artificial saliva in which MB and LMD were maintained for 7 days, there is an
up-regulation of the expression of the anti-apoptotic Bcl-2 and Bcl-xL genes in parallel with
a down-regulation of the expression of the pro-apoptotic gene, Bad. The apoptosis process
is considered an essential marker for the evaluation of biocompatibilities and toxicity of
different substances. The cellular effects exerted by a chemical can be manifested either by
stimulating or depressing the mechanisms of cell death. The survival rate of cells in the
presence of chemical compounds is determined by the proliferative state, the enzymatic
ability to repair, and to stimulate the production of proteins capable of promoting or inhibit-
ing the process of cell death [36]. In the case of conventional orthodontic appliances, studies
have suggested that they determine the appearance of biochemical changes of the saliva
as well as modification of the pathophysiological status of the entire environment of the
oral cavity. Thus, regarding the process of apoptosis, it has been shown that the metal ions
contained by these orthodontic treatments cause stimulation of pro-apoptotic markers and,
consequently, have a cytotoxic profile for oral cells [37]. Another aspect related to conven-
tional orthodontic therapy is the long contact time with the oral mucosa of the orthodontic
appliances. Due to this long contact time, conventional braces can cause changes in DNA. A
study by Kapadia et al. [38] showed that due to the content of metal ions, fixed orthodontic
appliances reduce cell viability by altering DNA and promoting the process of apoptosis.
Another category of orthodontic appliances is polycarbonate-based orthodontic brackets.
These orthodontic appliances have also been tested for their cytotoxic effects on oral cells,
and the results suggested that they have a toxic profile exerted by inducing the apoptosis
process confirmed by increased levels of apoptosis inducing factor AIF protein involved
in inducing apoptosis and decreased levels of Bcl-xL, an anti-apoptotic marker [39]. As
previously mentioned, myofunctional orthodontic appliances are myofunctional therapy
for malocclusion, being composed of soft elastomeric materials. Regarding the toxicological
profile of the materials from which the two orthodontic appliances are manufactured, MB
and LMD, as far as we know, no studies have been performed on their influence in the
process of apoptosis. Due to the promising results observed in in vitro studies, the next
direction of research was to verify the safety profile of MB and LMD in ovo at the level of
the chicken egg chorioallantoic membrane. By applying the HET-CAM method, the main
toxic effects exerted by a substance on the vascular plexus are followed, and finally, the
calculation of an irritation score that provides an overview of the biocompatibility and
toxicity of the samples [40]. The results obtained revealed that MB and LMD biological
environment do not exert toxic effects at the vascular level, the irritation score obtained for
all concentrations and pH values tested being below 0.9 and very similar to the irritation
score obtained for the negative control, represented by distilled water. These results sup-
port those obtained in the case of in vitro testing and confirm the hypothesis of increased
biocompatibility and lack of toxicity of the biological environment of these elastodontic
dental appliances. The HET-CAM assay has been previously applied to verify the safety
profile of orthodontic products as an alternative to animal testing. A study by Schendel
et al. [41], which tested for 30 substances used in orthodontics, found that plastics used to
make detachable devices do not produce vascular toxicity, while liquid primers for bracket
bonding and monomer substances has an intense irritating effect.
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5. Conclusions

The elastodontic orthodontic appliances (MB and LMD) have suitable stability in
the biological environment due to the materials from which they are built, giving them
a biological profile suitable for clinical use. These orthodontic treatments have suitable
compatibility with the biological environment. The data obtained highlight that by testing
saliva in which MB and LMD were maintained, no significant decreases in cell viability
were noted in the human keratinocytes and no changes in gene expression involved in the
apoptosis process. Moreover, at the CAM level, no irritation changes were registered, the
effects exerted by the samples being like those observed in the case of the negative control.
These results support the hypothesis that MB and LMD biological environment present
a safe profile and the materials have suitable stability in the biological environment, not
being influenced by its pH.
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