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ABSTRACT

Aim of the study According to the World Health Organization, malocclusion is one of children's most common
dental problems. Many children visit dentists early, requiring long-term treatment due to misaligned teeth.
Silicone aligners represent modern alternative treatments to traditional orthodontic appliances due to the soft
and flexible material from which they are made and the effectiveness they have proven over the years. The
present study aims to investigate the biosafety profile of four silicone aligners (A1, A2, A3, and A4) from three
different manufacturers by in vitro and in ovo assays. Materials and methods In this study, four silicone
aligners were immersed in artificial saliva at a neutral pH for seven days. Subsequently, four different dilutions
(1:8, 1:4, 1:2, and 1:1) were then prepared and tested in vitro on HaCaT and JB6 CI 105 41-5a cell lines to
analyze their effects on cell viability and potential irritant effect on the blood vessels of the chorioallantoic
membrane. Results The results showed that after 48 hours of exposure to Al, A2, A3, and A4, the viability of
HaCaT and JB6 Cl1 105 41-5a cell lines remained over 70%, which demonstrates, according to ISO Standard
10993-5:2009, that these aligners are not considered cytotoxic. Additionally, regarding cell morphology, the
four dental devices did not induce significant changes in the appearance of the nuclei. Furthermore, the potential
irritant effect of A1, A2, A3, and A4 on the chorioallantoic membrane was evaluated. It was observed that they
did not produce changes in the blood vessels, with an irritation score of 0.070, categorizing them as non-irritant
agents. Conclusions This study confirms the biosafety profile of the four dental aligners: A1, A2, A3, and A4.

Keywords: malocclusion, silicone aligners, orthodontic treatment, safety profile, cytotoxicity,
irritant potential, chorioallantoic membrane
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INTRODUCTION
Children's oral health is a fundamental
element for normal development, and

according to the World Health Organization,
good oral status is linked to the absence of
chronic pain, infection, or other conditions that
could affect the ability to communicate or eat.
The most common problem among children is
tooth decay, which requires personalized
treatment and support from the family and
health professionals [1]. Periodontitis is
another dental condition that affects 90% of
people of all ages, including children. It can
occur due to poor dental hygiene, leading to
the build-up of microorganisms in dental
plaque. These microorganisms attach to the
gums and cause teeth to fall out, adversely
affecting speech and chewing [2]. Around 6-7,
many children experience mixed dentition,
characterized by the simultaneous presence of
the baby and permanent teeth, leading to
malocclusion in approximately 82.5% of
situations. The classification of malocclusions
is critical in identifying the type of anomaly
and the choice of orthodontic treatment.
Hence, Dr. Edward Hartley Angle divided
them into three classes based on the position of
the upper first molar relative to the lower first
molar [3]. Class I, also called neutroclusion, is
characterized by a normal molar relationship
but misaligned teeth or exaggerated bite due to
misalignment between them [4]. In Class II or
the upper first molar is
positioned more in front of the lower one [5],
and in Class III or dystoclusion, the upper first
molar is further back than the lower one [6].

mesoclusion,

The treatments used for these conditions
depend on the severity of the problem and the
patient's age and include palatal expanders,
braces, spacers, and clear aligners [3]. A study
of 1025 children in Zagreb found that
malocclusions and misalignment of teeth are
based on unhealthy and prevalent habits, such
as biting or clenching different objects or
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fingers with their teeth. For these reasons,
early orthodontic intervention is essential to
prevent the worsening of these dental
problems, maintain the normal development of
the dental arches, and help to ensure optimal
facial aesthetics [7,8]. Orthodontics and dental
imaging, in particular, have been extensively
evaluated in recent years. One technique, Cone
Beam Computed Tomography, also known as
CBCT, allows the creation of 3D models,
which, compared to 2D images, better
visualize dental and bone structures. CBCT
improves diagnostic precision and treatment
planning and 1is particularly useful in
orthodontics [9].

The classic orthodontic treatments used to
correct malocclusion are fixed appliances,
which increase the risk of dental infections
because of their metal composition.
Approximately 50% of teenagers who wear
these orthodontic appliances for an extended
period are susceptible to gingivitis due to
dental plaque accumulating on the teeth [10].
Dental aligners (A) became a much more
popular fixed appliance
treatments. These aligners produce normal
tooth positioning by applying gentle, constant
forces to the teeth that help to move them into
the shape of the braces. The troops are

precisely and evenly distributed over the

alternative to

dental area to ensure the correct teeth
alignment [11]. Preventive treatment of
malocclusion in children is commonly applied
in Finland, where the benefits of early therapy
show significantly better results using this
strategy [12]. Sandhu et al. evaluated the
efficacy of interceptive orthodontic treatment
in a study comparing 150 preventatively
treated and 150 untreated children. Thus,
following radiographs taken at the end of
wearing dental aligners (treated children),
children's malocclusions were significantly
improved and corrected, demonstrating the
benefits of preventative treatment [13]. The
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development of aligner technology has led to
significant advances in clinical practice and
orthodontic research, with their use in medical
practice demonstrating a success rate of
approximately 90% for mild to moderate
dental conditions [10].

LM activators and the latest, more
optimized version-My LM from LM-
Instruments of Finland are silicone aligners
that help correct the bite and alignment of
teeth, thus correcting children's orthodontic
problems. Due to the biocompatible silicone,
they are made of, the aligners are non-irritating
to the oral tissues, do not cause discomfort
when applied and worn, and are safe at the
pressure exerted when chewing food.
Compared to other orthodontic appliances,
LM aligners are less expensive and easy to use,
and they significantly reduce the number of
orthodontist visits, thus increasing children's
compliance and acceptance of treatments [ 14].
The Myobrace appliance comes in 3 phases,
each designed to treat the incorrect jaw
alignment and myofunctional habits used
when only children's permanent front teeth
have erupted. The K1 is made of soft and
flexible silicone, which makes it much more
pleasant and acceptable to children, thus
increasing compliance with orthodontic
treatment. It is indicated to be used daily for
one to two hours. It features small breathing
holes that allow you to optimize correct nasal
breathing, making it suitable for night wear
[15]. The U Concept-Ultimate Bio Trainer
aligners are also used for the orthodontic
treatment of children between 6 and 14 years
of age who have mixed dentition. They correct
the many anomalies that can result, such as
overbite, open bite, or dental crowding. They
are made of soft, biocompatible, and odorless
silicone that can be transparent, pink, or blue,
depending on the child's preference [16].
prolonged
exposure can damage the integrity of dental

However, in some cases,
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appliances, releasing some elements of their
composition and raising serious concerns
about possible adverse health effects in
patients [17]. Silicone clear aligners can cause
numerous side effects, such as mouth sores,
swelling of the throat, difficulty breathing,
laryngeal spasms, and, most
anaphylactic  reactions [18].
experimental investigations using various
methods have become essential for the in-
depth safety assessment of dental appliances
[17].

Given the above considerations, this study

seriously,
Therefore,

aimed to evaluate four silicone aligners, Al,
A2, A3, and A4, used in orthodontic
treatments preclinically in vitro and in ovo.
The focus was on their cytocompatibility with
human keratinocytes and murine epidermal
cell lines and their potential irritant effects on
the chorioallantoic membrane.

MATHERIALS AND METHODS

Reagents

The reagents used to prepare the artificial
saliva were sodium chloride (NaCl) purchased
from Chimopar S.A. (Bucharest, Romania),
potassium chloride (KCl) purchased from
Chimreactiv  (Bucharest, Romania), urea
(CO(NH2)2) purchased from Sigma-Aldrich
(St. Louis, MO, USA), and calcium chloride
dihydrate (CaCl::2HO) from Honeywell
Fluka™ (Charlotte, NC, USA).

For the in vitro experiments, the following
reagents were utilized: DMEM- Dulbecco’s
modified Eagle’s medium with high glucose
(DMEM  30-2002™), Eagle's Minimum
Essential Medium (EMEM 30-2003 ™), fetal
bovine serum (FBS-30-2020™), and the
penicillin/streptomycin antibiotic mixture, all
acquired from the American Type Culture
Collection (ATCC, Manassas, VA, USA).
Additionally, the phosphate-buffered saline
(PBS) and MTT  reagent (3-(4,5-
dimethylthiazol-2-y1)-2,5 diphenyltetrazolium

DOI : 10.62610/RJOR.2025.2.17.31



Romanian Journal of Oral Rehabilitation

Vol. 17, No.2 April-June 2025

bromide) were procured from Sigma-Aldrich
Merck KgaA (Darmstadt, Germany).

Equipment

For the in vitro experiments, the Cytation 5
plate reader, Lionheart FX automated
microscope, and Gen5™ microplate data
collection and analysis software (version 3.14)
were used, all of which were acquired from
BioTek Instruments Inc. (Winooski, VT,
USA). The SteREO Discovery.V8
stereomicroscope  from  ZEISS  (Jena,
Germany) was used for the in ovo experiments.

Artificial Saliva and Sample Preparation

This study assessed the preclinical safety of
three commercially available silicon aligners
for mixed dentition obtained from LM-Dental
(LM-Instruments OY, Finland), Myobrace for
Kids Stage 1 - K1 (Myofunctional Research
Co. Australia), and U Concept-The Ultimate
Bio Trainer (Savaria-Dent Kft. Hungary).
These aligners will be referred to as Al, A2,
A3, and A4 throughout the research.
The artificial saliva was prepared by
dissolving 0.40 mg/L NaCl, 0.40 mg/L KClI,
0.80 mg/L CaCl:2H:0, and 1 mg/L urea in
distilled water. The pH was measured using a
ThermoScientific Eutech pH 150 electrode pH
meter from Thermo Scientific, Waltham, MA,
USA. The samples were then immersed in
artificial saliva (I mg sample/1 ml artificial
saliva) at neutral pH for seven days in an
incubator with an orbital shaker (ES20/60
Biosan, Riga, Latvia) at a constant temperature
of 37°C. Subsequently, the samples were
diluted in water at 1:8, 1:4, 1:2, and 1:1 and
tested in vitro and in ovo.

Cell Culture Conditions

For the in vitro experiments, healthy
immortalized human immortalized
keratinocytes-HaCaT and murine epidermal
cells-JB6 C1 105 41-51 were used. The HaCaT
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cell line was purchased from CLS Cell Lines
Service GmbH., and it was cultured in its
specific DMEM,
supplemented with 10% fetal bovine serum
and 1% antibiotics (10 pg/ml streptomycin and
10 units/ml penicillin). Similarly, the JB6 CI
105 41-5a cell line purchased from ATCC,
Manassas, VA, USA, was cultured in EMEM
culture medium supplemented with 5% FBS
and 1% penicillin/streptomycin antibiotic
mixture. The cells were incubated and

culture medium-

maintained under standard conditions of 37°C
and 5% CO: throughout the experiments.

Cellular Viability Evaluation

To evaluate the impact of the samples Al,
A2, A3, and A4 (at dilutions of 1:8, 1:4, 1:2,
and 1:1) on the cells, HaCaT and JB6 CI 105
41-5a cells were cultured in a transparent 96-
well plate and stimulated for 48 hours. After
this incubation period, the cell medium was
replaced with fresh medium, and 10 pL of
MTT kit-1 solution was added to each well.
The plate was then incubated for 3 hours.
Following this, 100 uL of MTT kit-2 solution
was added to each well, and the plate was left
at room temperature, protected from light, for
30 minutes. Finally, the absorbance of the
samples was measured at wavelengths 570 and
630 nm using a Cytation 5 plate reader.

Bright-Field  Cellular
Assessment

Morphology

To investigate the impact of the samples
LM, My-LM, and K1 (at dilutions of 1:8, 1:4,
1:2, and 1:1) on the morphology of HaCaT and
JB6 Cl1 105 41-5a cell lines, the cells were
cultured in a 96-well plate and treated for 48
hours with the samples. After this incubation,
the cells were examined under bright-field
illumination using a Lionheart FX automated
microscope at 20x magnification. The images
obtained were then processed and analyzed
using the Gen5 Microplate Data Collection
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and Analysis Software.

HET-CAM Assay

Fertilized hen eggs were used for the in ovo
experiments. On the first day of incubation, the
eggs were disinfected with 70% alcohol and
incubated for the next three days. On day four,
a syringe needle was used to create a small
hole in the top part of each egg, from which
approximately 6-7 mL of albumen was
extracted, and the hole was then covered with
adhesive tape. The following day, a small
window was cut in the upper part of each egg,
which was also covered with adhesive tape.
The eggs were incubated until the day of the
maintaining  the  optimal
conditions specified in the literature at 37°C
and 60% humidity [19]. On day ten of
incubation, the HET-CAM assay was
performed to investigate the potential irritant
effect of the samples Al, A2, A3, and A4 at
the highest dilution of 1:1 by applying 600 uL.
of the
membrane. Sodium lauryl sulfate (SLS) 1%

experiment,

substance to the chorioallantoic

was used as a positive control, and distilled
water was the negative control. The presence
of changes such as lysis (L), coagulation (C),
and hemorrhage (H) was monitored for 5
minutes. Photographs were taken before (TO0)

RESULTS AND DISCUSSIONS

Dental malocclusion is a serious health
problem affecting more than half of the world's
children and adolescents, with a higher rate of
occurrence in children aged 2 to 7 years. In
addition to the negative impact on oral health,
orthodontic treatment can represent a severe
economic burden for parents [21]. In recent
decades, among the orthodontic treatments,
trainers, Myobraces, and LM-activators have
gained attention treating dentofacial
anomalies in children due to their complex

n

mechanism allowing early dentition correction
and optimal jaw development. Dentists
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and 5 minutes after (T5) the application of the
samples the  Discovery  v.8
stereomicroscope and ZEN Core 3.8 software
to evaluate the irritant effect [17].

Irritant effects can be quantified by calculating
the irritation score (IS) by applying the
following formula:

using

"’""{ 300

300 300

According to the literature, the irritation score
is a parameter that can be used to observe
changes in blood vessels. Based on the
obtained result, substances can be classified as
non-irritant (IS=0-0.9), irritant (IS=1-8.9), or
severely (IS=9-21) [20]. This
experiment was performed in triplicate.

irritant

Statistical Analysis

All results were expressed as means + SD
(standard deviation), using ANOVA and
Dunnet’s multiple comparisons test. Statistical
analysis was performed using GraphPad Prism
10.2.3-GraphPad = Software, San
Diego, CA, USA, www.graphpad.com. Sta-
tistically significant results were marked with
mEN (kkp < 0.01; *FEp < 0.001; *¥FEEp <
0.0001) [17].

version

recommend wearing the LM-activator for 2
hours daily, divided into 30 or 60 minutes.
After two weeks, the patient should begin
using the activator at night until the position of
the teeth is stabilized [22]. The Myobrace
orthodontic appliance has
effective in correcting oral malocclusions. It is
demonstrated that if used during the night for
10-12 hours, it helps to align the teeth correctly

also proven

and helps to develop normal facial muscles
[23].

One of the main problems that all
dentists encounter when treating young
patients, especially children, is to avoid
causing them pain and to choose a treatment
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that is as biocompatible as possible with the
tissues and mucous membranes of the oral
cavity [24]. Therefore, the present study aims
to evaluate the cytotoxic profile of four dental
aligners, Al, A2, A3, and A4, on human
epidermal keratinocytes, murine epidermal
cells, and their irritant activity on CAM. For
these experiments, the dilutions selected for
testing (1:8, 1:4, 1:2, 1:1) covered a wider
range of dilutions, as they have been used in
other studies on the HaCaT cell lines that focus
on determining the safety profile of different
orthodontic  appliances, including clear
aligners. [24,25].

Firstly, the study evaluated the
experimental cytotoxicity of silicone aligners,
Al, A2, A3, and A4, on two cell lines - HaCaT
immortalized keratinocytes and JB6 Cl 41-5a
epi-dermal cells. Healthy epidermal cell lines
are among the leading alternatives for oral
cavity cells in in vitro evaluations. Due to their
rapid growth and the potential to provide a
similar response of oral cells to various
external factors, they are used as substitutes for
cytotoxicity testing and biological evaluation
of dental materials such as aligners [26].

The MTT assay is used in vitro to
determine the potential cytotoxic effect of
drugs and other compounds on cells and their
resistance to treatment. The method is based
on mitochondrial activity, comparing the
values obtained in treated cells with untreated
cells, considering that the decrease or increase
in  mitochondrial activity is  directly
proportional to cell viability [27]. The results,
shown in Figure 1A, demonstrate that neither
Al, A2, A3, nor A4 show cytotoxic effects on
HaCaT keratinocytes. In the case of A1 and A2
silicone aligners, it was observed that for all
four dilutions, the cell wviability had
approximately the same value compared to the
control, varying between 99.84% for the 1:1
dilution and 99.8% for the 1:8 dilution. For A3
and A4 silicone aligners, no significant

reduction in cell viability was observed for the
highest dilutions. A slight stimulatory effect
was observed for the lowest dilution (1:1),
increasing viability to 101%.

(A)

HaCaT - human keratinocytes - at 48 h

ol)

Cell viabllity (% of Control)
Call viability (% of Contr

HaCaT - human keratinocytes - at 48 h

Figure 1A. The impact of A1, A2, A3, and A4
aligners on cell viability on HaCaT cells after
48 h of treatment at different dilutions (1:8, 1:4,
1:2, and 1:1). Results are presented as
percentages (%) compared to the control group
and expressed as mean = SD from three
independent experiments, each performed in
triplicate. Statistical analysis was performed
using a one-way ANOVA followed by
Dunnett's post-test for multiple comparisons.

However, a stimulatory effect was
observed in JB6 Cl 41-5a cells (Figure 1B)
compared to the control for the silicon aligners
Al and A2. At the highest concentration (1:1
dilution), Al increases cell viability to
approximately 124%, while A2 has a more
pronounced effect, increasing viability to
approximately 189%. The same effect was
observed at the A4 aligner, whose viability
ranged from 101% to 118% compared to the
control. Aligner A3 exhibited a cell viability
decreasing impact of up to 81% for the 1:1
dilution, while at the 1:8 dilution, the viability
was about 95%.
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Figure 1 B. The impact of Al, A2, A3, and A4
aligners on cell viability on JB6 CI 41-5a cells
after 48 h of treatment at different dilutions
(1:8, 1:4, 1:2, and 1:1). Results are presented as
percentages (%) compared to the control group
and expressed as mean + SD from three
independent experiments, each performed in
triplicate. Statistical analysis was performed
using a one-way ANOVA followed by
Dunnett's post-test for multiple comparisons,

with significant differences indicated by “*”
(**p <0.01; **** p <0.0001).

A compound is considered cytotoxic if
it reduces cell viability by more than 30%, as
defined under ISO Standard 10993-5:2009
[17]. The results (Figure 1A, 1B) indicate that
the viability of HaCaT and JB6 CI 41-5a cells
remained above 70%, suggesting that A1, A2,
A3, and A4 did not induce cytotoxic effects at
any of the dilutions tested. Similarly, Dinu S.
et al. evaluated the safety profile of a
acrylic orthodontic appliance
immersed in artificial saliva on HaCaT

removable

keratinocytes, demonstrating that they did not
show a pronounced cytotoxic effect on these
cells [24]. A study conducted by Lo. I. and his
associates. Evaluated the cytotoxicity of the
materials used in the manufacture of clear
aligners by assessing the viability over a more
extended period on another type of healthy
human cells- human periodontal ligament
(HPDL), demonstrating that their viability was
maintained, not reduced below 30%,
presenting a slight cytotoxic potential [28].
Moreover, other dental devices, such as
miniscrew orthodontic implants, have also

& O
& @“&‘f@‘f@" s>".§&“’.{‘o°"ts*"“
&

been evaluated in a study by Galeotti et al. on
human HaCaT keratinocytes. It was observed
that there were no signs of cell cytotoxicity
after seven days of treatment, with viability
maintained, according to standards, at over
70% [29].

Cell morphology is a crucial step in
assessing cell response to various treatments.
Different processes can affect cell health, such
as cell division, cell apoptosis, and cell shape
changes, which can indicate cytotoxicity [17].
To investigate the safety of Al, Al, A3, and
A4 dental aligners, the next step was to
analyze the cell morphology 48 hours after
human keratinocytes and murine epidermal
cells were treated with 1:8, 1:4, 1:2, and 1:1
dilutions. Figure 2A shows cell morphology
was unaffected after treatment at any of the
five dilutions tested. Compared to the control
(untreated cells), the number of HaCaT-treated
cells remained the same, retaining their
specific appearance and shape. Regarding JB6
Cl 41-5a cells, according to Figure 2B, no
apparent reduction in cell confluence was
observed during the experiment, with no signs of
significant alterations or changes in morphology.

Figure 2A. Representative images
illustrate the morphological changes observed
in HaCaT cells after their 48-hour treatment
with Al, A2, A3, and A4 aligners at 1:8, 1:4,
1:2, and 1:1 dilutions. The scale bar indicates
100 pm. Three independent experiments were
performed in triplicate.
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Flgure 2B. Representative images
illustrating the morphological changes observed
in JB6 Cl 41-5a cells after their 48-hour
treatment with A1, A2, A3, and A4 aligners at
dilutions of 1:8, 1:4, 1:2, and 1:1. The scale bar
indicates 100 pm. Three independent
experiments were performed in triplicate.

A removable acrylic device immersed
in artificial saliva at acidic, neutral, and basic
pH was evaluated for HaCaT cell morphology
and confluency at five different dilutions,
showing that at the lowest dilution (1:1), it
produced only a slight decrease in confluency
without inducing significant changes at the
cellular level [24].

Finally, the irritant potential of Al,
A2, A3, and A4 on CAM developed in
fertilized chicken eggs was evaluated. The
HET-CAM Assay is widely used as an
alternative to in vitro testing for the potential
irritant effect of numerous drug substances,
regardless of their state of aggregation or
solubility. Due to its simplicity, rapidity, and
versatility, this method can also be safely used
for testing other types of mucosal formulations
or dental products that come into direct contact
with the oral cavity's mucosa [25].

The HET-CAM test performed
demonstrated that the four silicone aligners
Al, A2, A3, and A4 exhibited a good biosafety
profile at a 1:1 the
chorioallantoic  membrane  model, as
evidenced by the absence of vasculature
irritation. In contrast, at the same time, sodium

dilution using
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lauryl sulfate in 1% concentration caused
significant effects on application, such as lysis,
clotting, and hemorrhage.

As shown in Figure 3, water and dental
aligners did not induce changes in blood
vessels. However, SLS 1% caused significant
effects upon application, such as lysis,
coagulation, and hemorrhage.

Figure 3. Representative images
showing the irritant potential of the appearance
of the chorioallantoic membrane (CAM)

vasculature under initial conditions (T0) and 5
minutes post-treatment (T5) with H20
(negative control), SLS 1% (positive control),
Al, A2, A3, and A4 at 1:1 dilution in neutral
pH. The scale bars indicate 500 pm.

An irritation score was calculated
based on the possible vascular changes that
could occur during the five minutes of
observation after sample application to assess
the potential anti-irritant effect. Following the
irritation score (IS) calculation, the highest
value was determined for SLS 1% (19,211),
which was classified as a severely irritating
substance. At the same time, distilled water,
Al, A2, A3, and A4 dental aligners obtained a
value of 0,070 and were classified as non-
irritant agents (Table 1).

Table 1. Calculation of the irritation
score (IS) following local treatment of CAM
with H20 (negative control), SLS 1% (positive
control), and dental aligners A1, A2, A3, and A4
at 1:1 dilution.

Sample Irritation Irritation category
score (IS)
H20 0,070 Non-irritant
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SLS 1% 19,211 Severe irritant
Al 0,070 Non-irritant
A2 0,070 Non-irritant
A3 0,070 Non-irritant
A4 0,070 Non-irritant

Szuhanek et al. evaluated the extraction
medium of some orthodontic implants by the
same HET-CAM test, demonstrating that they
did not induce signs of toxicity, being
classified as non-irritant agents [30]. In
another study, Haj-Ali et al. evaluated two
dental re-pair agents immersed in artificial
saliva using the same method. The study's
results indicated that they did not produce
significant changes in blood vessels, and their

CONCLUSIONS

1. The study confirms the biosafety profile of
the four silicone aligners (A1, A2, A3, and
A4) widely used as orthodontic treatments
for pediatric dental malocclusions.

2. The cell viability results conform to ISO
10993-5:2009 standards, thus
considered non-cytotoxic agents.

being

3. After 48 hours of treatment, the
morphologic  analysis  showed no
significant changes in cell nuclei,

confirming the aligners' biocompatibility
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irritation score showed a safety profile [25].
The present study's results demonstrated
the safety profile of silicone aligners. A future
approach could involve testing clear aligners
with commonly wused disinfectants to
determine whether they retain the disinfectant
for an extended period and potentially cause
cytotoxic effects on healthy cells. On the other
hand, although 2D dental models are widely
used in in vitro testing, 3D experimental
models offer additional advantages. They
reproduce much better buccal, gingival, and
epithelial tissues and prevent the penetration of
external substances into the tissues, where they
could pose toxicity problems [31]. For these
reasons, future studies may also focus on
testing silicone aligners on 3D tissue models.

with HaCaT and JB6 Cl 41-5a cells.

4. The in ovo assay showed that all four
aligners had no irritative effect on Hen's
eggs' blood vessels of the chorioallantoic
membrane. After calculating the irritation
score, all were categorized as "non-
irritant" agents.

5. Based on these findings, further studies are
needed to investigate the effects of using
these orthodontic products for longer
periods to provide a complete
toxicological analysis.
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