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Abstract: Thermoplastic materials are sensitive to humidity, temperature variations, enzyme activ-
ities, and cyclic loading. All these factors can cause changes to the mechanical properties of the ma-
terial. The aim of this study was to determine the influence of different cleaning protocols on the
surface roughness of orthodontic retainers. Samples of two brands of polyethylene terephthalate
glycol (PET-G) material were exposed to four cleaning protocols: Corega (alkaline peroxide tablets),
Toothbrush, Corega + toothbrush, Toothbrush + toothpaste, and Control. Measurement of the sur-
face roughness of the sample on both the top and bottom side was carried out before and after
cleaning. There was no statistical difference between the final values of the measured parameters.
However, looking at the extent of the change in surface roughness, there was a statistically signifi-
cant difference in the upper side of the Corega + toothbrush group between Materials A and B. This
suggests that there was a greater change in the roughness of material A (Erkodur), given that the
mean change in roughness of Material A was Ra 0.047, whereas the mean change in roughness of
Material B was Ra 0.022. Almost all the tested cleaning procedures significantly increased the sur-
face roughness of the PET-G retainer material. Of all the methods, the Corega tablets had the lowest

influence on surface roughness.

Keywords: retainer; PET-G; cleaning; surface roughness; dentistry; orthodontics

1. Introduction

Ensuring the stability of orthodontic treatment results represents a great challenge
for every orthodontist. After the completion of active orthodontic treatment, changes in
tooth position may occur due to occlusal-, periodontal-, or growth-related factors [1]. In
order to prevent relapse and unwanted tooth movement, orthodontic retention with fixed
or removable retainers is required [2]. Wearing full-time retainers is, unquestionably, im-
portant, as maintaining the final orthodontic outcome is one of the most important goals
after treatment completion. Given that retainers fail in approximately 70% of orthodontic
treatments, they should be worn consistently [3]. After Sheridan introduced the Essix re-
tainer in 1993, it became the most widely used type of retention because it was comforta-
ble and almost invisible. The vacuum-formed retainer (VFR) is one of the most common
types of orthodontic retainer, and patients prefer it over Hawley retainers because of its
excellent esthetic characteristics, ease of use, superior formability, maintenance of good
oral hygiene, and lack of discomfort. Thermoplastic vacuum-formed retainers are fabri-
cated from polyethylene, polyurethane, and polypropylene, meaning they are prone to
morphological and physical changes [4]. However, from a clinical standpoint, VERs have
significant limitations due to their material properties. The forming procedure, because
of heating, might cause some changes to the mechanical properties of the material [5].
Furthermore, during intraoral use, mechanical and chemical degradation of the material
has been noticed. Thermoplastic materials are sensitive to humidity, temperature varia-
tions, enzyme activities, and cyclic pressure/loading. All these factors can cause changes
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to the mechanical properties of the material [6]. Furthermore, there has been a lot of re-
search conducted on bacterial colonization of retainers and bacterial eradication protocols,
but not on the impact of these same protocols on the mechanical and chemical properties
of retainers. Any change in the chemical composition and mechanical properties of the
material could have a significant impact on the form and function of the retainer. There
are no uniform guidelines for keeping thermoplastic orthodontic retainers clean. Brushing
is one of the most widely accepted methods of cleaning removable appliances, according
to the Dental Professional Recommendation, even though brushing alone, with or without
toothpaste, can still increase surface roughness [7]. However, Albanna et al. [6] reported
that mechanical brushing itself has no effect when compared to its chemical counterpart.
Numerous studies have been conducted to date on the accumulation of microorganisms
(such as Streptococcus spp., Staphylococcus spp., Enterobacteriaceae, and Candida spp.)
on removable orthodontic devices [8-11]. A 2019 study [11] investigated the effect of three
different cleaning methods (peroxide-based cleanser tablets + brushing, control (only
brushing), and vinegar + brushing) on the Streptococcus mutans and Lactobacillus. Bac-
teria counts were determined, indicating that mechanical cleaning alone was insufficient
to maintain the hygiene of clear vacuum-formed retainers. The majority of OCC products
contain alkalizing agents, such as sulfate or carbonate groups, which aid in pH buffering.
It is possible that differences in the effectiveness of appliance plaque removal by different
chemical methods are due to their different mechanisms of action. One of the most com-
monly used active ingredients in cleaning tablets is sodium perborate. In a saturated aque-
ous solution, this ingredient buffers H.O2 to a pH of about 10. Oxygen is liberated during
the oxidation of H20:. Evolved O: appears to be associated with the effervescing action of
cleaner solutions, which is thought to have a mechanical cleaning effect [12]. Citric acid in
a cleaning tablet, for example, reacts with sodium bicarbonate to form washing soda,
which is an excellent agent for removing biofilm from material surfaces. Alkaline perox-
ide-based commercial cleansing tablets are thus the most commonly recommended agents
today. There is no evidence that these cleaning procedures affect the surface roughness of
TORs. Many previous studies claim that brushing with or without toothpaste affects struc-
tural properties of various dental materials by creating macro and microscopic irregular-
ities on the surface and thus consequently increasing surface roughness [7,13-15]. The fi-
nal effect on material roughness depends on the applied load and brushing duration. Even
though toothbrushing affects surface roughness, it is still the most commonly recom-
mended method for maintaining the hygiene of retainers [16]. Polypropylene and poly-
ethylene materials are now widely used in the production of orthodontic retainers. Recent
research indicates that copolyester- and polyurethane-based retainers are becoming in-
creasingly popular due to their clear and thin surfaces [17,18] and efficacy in maintaining
incisor position and alignment [19]. The physical surface of a target material is important
when it comes to bacterial adhesion because it contains a variety of influential factors
[20,21], such as surface charge [22], surface hydrophobicity [23], and surface roughness
(in terms of bacterial colonization) [24]. Orthodontics and prosthodontics have seen an
increase in the use of daily, ready-to-use cleaning tablets. Cleaning tablets were found to
be more effective than controls at reducing bacteria adherence to thermoplastic sheets in
an in vitro study published in 2019 [25]. However, a randomized clinical trial found no
significant difference in the bacterial count when Essix® was cleaned with various cleans-
ing tablets versus mechanical cleaning [8]. Several researchers have attempted to use vin-
egar as a cleaning chemical agent for orthodontic appliances due to its low cost, ease of
access, and antibacterial properties [26,27]. However, the optimal vinegar concentration
for retainer cleaning has yet to be determined. The modes of action and usage directions
of vinegar solutions differ, emphasizing the need for additional research [28]. Copolyes-
ters and polyurethane are becoming more widely used in orthodontics due to their hy-
drolyzable ester bonds, which contribute to potential biodegradability [29-31]. Further-
more, copolyester contains molecules that are susceptible to microbial attack, such as ali-
phatic polyester and terephthalic acid [31]. The aliphatic polyester is broken down in two
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steps: depolymerization (or surface erosion) and enzymatic hydrolysis, which produces
water-soluble intermediates that microorganisms can use [32]. Previous research has
shown that polyethylene materials have superior esthetic and mechanical properties to
polypropylene materials [33,34]. By searching the internet, it is possible to find various
instructions and guidelines referring to the maintenance of retainer hygiene. These in-
structions and guidelines are commonly not unanimous and can confuse patients. Patients
are instructed to keep their retainers clean, so the aim of this study was to determine the
influence of different cleaning protocols on the surface roughness of orthodontic retainers.

2. Materials and Methods
2.1. Specimen Preparation

The following thermoplastic materials used for the fabrication of thermoplastic or-
thodontic retainers (TOR) were evaluated in this study: Erkodur-Al (Erkodent, Erich
Kopp GmbH, Pfalzgrafenweiler, Germany), hereafter referred to as “Material A”, and Bi-
olon (Dreve, Unna, Germany), hereafter referred to as “Material B”. Both materials used
were polyethylene terephthalate glycol (PET-G), which is the most commonly used mate-
rial for thermoforming retainers and is not resistant to mechanical and chemical influence.
Specimens were of 1.0 mm thickness. Models were constructed to mimic the average
thickness of the incisal edge (2 mm), clinical crown height (8.5 mm), and width (8.31 mm)
of the maxillary central incisor in Croatian adults [35], as proposed by Min et al. [36]. A
fabricated mold was placed in the thermoforming caster Erkoform-3D plus (Erkodent,
Pfalzgrafenweiler, Germany). Heat and vacuum were applied during thermoforming as
recommended by the manufacturer (temperature of 160°C and cooling time of 45 s). The
models generated from the deformed thermoplastic materials were removed, and surface
X was cut out from each model and used as a specimen for analysis (Figure 1). The study
was approved by the Ethics Committee of the School of Dental Medicine Zagreb, Univer-
sity of Zagreb (number: 05-PA-30-13-12/2022), in accordance with the ethical standards of
the Declaration of Helsinki.

/ -
——
2 mm
8.5 mm
7 mm

Figure 1. Models constructed to mimic the average dimensions of the maxillary central incisor in
Croatia [35]. Surface X—the graphically highlighted area was cut and used as a specimen.

2.2. Sample Size

Considering the study design and normality assumption, comparison of the surface
roughness of 2 brands of TORs before and after 5 different cleaning protocols indicated F
test groups for sample size analysis: ANOVA for repeated measures, within-between in-
teractions, effect size f (0.25), a err prob. (0.05), and power (0.8) = 80. Every TOR brand
should have 40 samples, 8 in each cleaning protocol group for achieving the appropriate
power. A priori statistical analysis was performed to ensure adequate statistical power in
the study. This analysis was conducted using the program Statistica (TIBCO® Statistica™
Version 14.0.0.15, Palo Alto, CA, USA). The main objective was to determine the difference
in surface roughness changes between the two investigated PET-G brands.
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2.3. Cleaning Protocol

The samples were divided into 5 groups: Corega (alkaline peroxide tablets), Tooth-
brush, Corega + toothbrush, Toothbrush + toothpaste, and Control. Samples in the Corega
group were placed 30 times into a glass of water at room temperature (to prevent possible
deformation of the PET-G material at high temperatures) for 5 min. to simulate the cumu-
lative effect of using Corega Bio Formula tablets (Stafford-Miller, Dungarvan Co. Water-
ford, Ireland) for 30 days. Toothbrushing was performed on a self-made device modeled
after SD Mechatronik Germany with a Curaprox C55460 toothbrush (Curaden AG, Kriens,
Switzerland) for 15 min, to simulate 30 days of cumulative brushing (30 s per day). In the
toothbrush + toothpaste group, with the aforementioned brushing protocol, a pea-sized
amount of Aquafresh Active White toothpaste (Procter & Gamble UK, Weybridge, Ger-
many) was applied to each sample.

2.4. Surface Roughness

The measurement of the surface roughness of the sample on both the top and bottom
side of the specimen was carried out with a high-precision profilometer, Mitutoyo SJ-210
surface roughness tester (Mitutoyo, Japan), according to the ISO 4287:1997 standard [37].
These tests determined the roughness parameters Ra and Rz after preparation and after
cleaning all the groups of material with the aim of determining the influence of cleaning
protocol on surface roughness values. For the tests in this work, the vertical roughness
parameters Ra, Rq, and Rz were taken into account. The parameter Ra represents the mean
arithmetic deviation of the profile; on the unit length of the surface of the total amount of
roughness amplitudes, the mean value is calculated. Rq is defined by root mean square
deviation of the assessed profile. Parameter Rz represents the height of the unevenness of
the profile in 10 points; on the unit length of the surface, 5 points of the highest hill and
the deepest valley are taken, and from these points the average value representing Rz is
calculated.

2.5. Statistical Analysis

Descriptive statistics were processed using the program Statistica (TIBCO® Statis-
tica™ Version 14.0.0.15, Palo Alto, CA, USA). Numeric variables were tested for normality
using the Shapiro-Wilk test, as well as using measurements of symmetry, skewness, and
kurtosis. Non-normally distributed data were compared using the Kruskal-Wallis test
and Mann-Whitney U test with post hoc correction, while for normally distributed data
one-way ANOVA and a paired t-test were used.

3. Results

In this research, forty samples of two brands were divided into four groups (accord-
ing to the cleaning protocol) and one control group. Subsequently, eight samples of each
brand were assigned to one cleaning method. Descriptive statistics (the median and inter-
quartile range) of values of surface roughness parameters before and after cleaning pro-
tocol can be found in Table 1, as well as the inter- and intra-group comparison. Final sur-
face roughness values of measured parameters did not show statistical difference. How-
ever, if we look at the extent of the change in surface roughness, there is a statistically
significant difference in the upper side (Top) in the Corega + toothbrush group between
Materials A and B (Ra p = 0.00489, Rq p = 0.049883). This suggests that there was a greater
change in the roughness of Material A (Erkodur), given that the mean change in rough-
ness of Material A was Ra 0.047 and Rq 0.049, whereas the mean change in roughness of
Material B was Ra 0.022 and Rq 0.027. Even though there was no distinct difference in the
final surface roughness values between the cleaning protocol groups, we found notable
differences in the pre- and post-cleaning surface roughness values. On the top sides of
specimens, statistically significant change was observed in the toothbrush (Erkodur p =
0.049 and Biolon a p = 0.011719), Corega + toothbrush (Erkodur p = 0.0117 and Biolon a p
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= 0.011719), and toothbrush + toothpaste (Erkodur p = 0.0499 and Biolon a p = 0.0117)
groups of both investigated brands, while on the bottom side there was considerable
change found in the Corega and Corega + toothbrush groups of brand B (Biolon; Corega
p=0.012889, Corega + toothbrush p = 0.018613). This indicates that brushing had the great-
est influence on the top sides of the specimens, and that the Corega tablets had the greatest
influence on the bottom sides of the specimens. The change in surface roughness of one
side of the material in different cleaning protocols is presented in Figures 2-5, in which
lowercase letters emphasize statistically heterogeneous data or statistical significance.

Table 1. Descriptive statistics of surface roughness parameters before (Ra, Rq and Rz) and after
cleaning protocol (Rap, Rgp and Rzp).

Solution

Ra
Side Median IQR

Rap
Median IQR

Rq
Median IQR

Rz
IOR

Rzp
Median IQR

Rqp
IOR

Median Median

Corega

A-top 0.068 0.053-0.094
A-bot 0.451 0.432-0.516
B-top 0.067 0.043-0.083
B-bot 0.461 0.381-0.56

0.087  0.073-0.125
0.546  0.461-0.61

0.082  0.067-0.082
0.516  0.469-0.553

0.082  0.063-0.11

0.558  0.549-0.622
0.082  0.052-0.098
0.557  0.478-0.673

0.108
0.695
0.107
0.628

0.092-0.147
0.562-0.762
0.095-0.117
0.573-0.694

0.352 ¢
2.131°¢
0.291 ¢
1.953

0.266-0.416
2.046-2.349
0.212-0.315
1.808-2.378

0.492¢  0.45-0.64

2.623 ¢ 2.067-2.992
0.497 < 0.385-0.595
2165  1.994-2.48

Toothbrush

A-top 0.048* 0.043-0.063
A-bot 0.415 0.341-0.47
B-top 0.068* 0.056-0.079
B-bot 0.441 0.358-0.478

0.093* 0.074-0.108
0.454 0.386-0.484
0.0952 0.08-0.109
0.439  0.406-0.523

0.059° 0.054-0.076
0.516  0.416-0.572
0.08% 0.068-0.095
0552 0.441-0.582

0.111°®
0.556

0.115°®
0.531

0.086-0.124
0.472-0.584
0.097-0.127
0.498-0.631

0.276
1.896
0.3
2.006

0.235-0.385
1.526-2.122
0.243-0.337
1.602-2.037

0.391 0.317-0.467
1.98 1.8-2.173
0.422  0.376-0.492
1.927 1.885-2.146

Corega + Toothbrush

Toothbrush + toothpaste

0.082° 0.059-0.092
0.541  0.469-0.593
0.086* 0.074-0.095
0.566  0.537-0.656
0.089° 0.076-0.103
0.539  0.453-0.595

0.122®
0.575

0.106®
0.612

0.125°®
0.579

0.113-0.141
0.486-0.612
0.091-0.143
0.586-0.634
0.112-0.149
0.494-0.592

A-top 0.069* 0.05-0.076
A-bot 0.44  0.381-0.488
B-top 0.071* 0.063-0.081
B-bot 0.477 0.431-0.539
A-top 0.0782 0.066-0.09
A-bot 0.437 0.378-0.493
B-top 0.086* 0.074-0.097 0.113* 0.098-0.126 0.098° 0.086-0.113 0.133% 0.115-0.145 0.318 0.261-0.355 0.44  0.394-0.51
B-bot 0.459 0.376-0.496 0.457 0.424-0.541 0.57 0.459-0.6 055 0.516-0.649 2.024 1.62-2.055 1.945 1.903-2.164

0.108 = 0.099-0.125
0.476  0.391-0.497
0.088= 0.075-0.118
0.499  0.479-0.518
0.109* 0.098-0.13
0.477  0.409-0.493

0.296 <
1.976
0.323 ¢
2.07
0.307
1.918

0.229-0.378
1.746-2.115
0.283-0.36
1.964-2.324
0.263-0.393
1.563-2.145

0.366 < 0.336-0.473
2.044  1.8-2212

0.403 < 0.338-0.505
2223 2.096-2.314
0.427  0.353-0.475
2.003 1.823-2.182

IQR —interquartile range; *—statistical significance pre/post in Ra, P—statistical significance
pre/post in Rq, °—statistical significance pre/post in Rz.

0.16 T T v r v
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—i
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[a]
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o

0.02 + + + - -
C+T T+TP

[B] Ra
0 Outliers
'g, Rap

Control
Cleaning protocol
Figure 2. Surface roughness of the Erkodur-Al top side in different cleaning protocols; median, box:

25%-75%, whisker: non-outlier range; C—Corega, T—toothbrush, TP —toothpaste, Rap—surface
roughness after cleaning protocol; a p =0.0499 b p = 0.0117 c p = 0.0499.
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Figure 3. Surface roughness of the Erkodur-A1 bottom side in different cleaning protocols; median,
box: 25-75%, whisker: non-outlier range; C—Corega, T—toothbrush, TP —toothpaste, Rap—surface
roughness after cleaning protocol.
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Figure 4. Surface roughness of the Biolon top side in different cleaning protocols; median, box: 25%-

75%, whisker: non-outlier range; C—Corega, T—toothbrush, TP —toothpaste, Rap—surface rough-
ness after cleaning protocol; a p =0.011719, b p = 0.011719, c p = 0.011719.
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Figure 5. Surface roughness of the Biolon bottom side in different cleaning protocols; median, box:
25%-75%, whisker: non-outlier range; C—Corega, T—toothbrush, TP —toothpaste, Rap—surface
roughness after cleaning protocol; a p = 0.012889, b p = 0.018613.

4. Discussion

Patients are advised to use a variety of cleaning procedures for retainers. Although
antimicrobial activity is present in both over-the-counter (OCC) and applied-chemical or-
thodontic appliance cleaners (ACC), the effectiveness of these cleaners is not comparable
due to heterogeneity in the study design, materials and methods, and evaluation methods
used by current research data [28]. Therefore, the present study evaluated changes in sur-
face roughness of polyethylene terephthalate glycol (PET-G) material exposed to mechan-
ical and chemical cleaning methods. In this study, Ra was used as it is a common param-
eter in industry and therefore ensures the stability of the parameter, not being affected by
any accidental stray spikes or scratches. Brushing is a mechanical cleaning method, while
Corega tablets fall under chemical cleaning procedures. In our study, there was a statisti-
cally significant difference between baseline and final roughness values on the top side of
all specimens that were exposed to the toothbrush, Corega + toothbrush, and toothbrush
+ toothpaste cleaning protocols. By contrast, in the Corega group, no statistically signifi-
cant difference was found. The combination of brushing + Corega and brushing + tooth-
paste led to greater surface roughness values than brushing only. Thus, toothbrushing
affected surface material. Corega tablets caused an increase in surface roughness, but this
rise was not significant. Greater values of Ra can be explained by the chemical properties
of the tablet’s components. When sodium perborate comes into contact with water, it de-
composes into hydrogen peroxide, sodium metaborate, and nascent oxygen [38—40]. It can
be assumed that the active oxygen released by the hydrogen peroxide solution is the main
reason for increased surface roughness. Furthermore, oxygen bubbles released from this
oxygen-liberating solution are responsible for both mechanical and chemical clean-
ing/damage of the material [38,40]. Another explanation for the changed surface rough-
ness after exposure to dissolving Corega tablets is the absorption of water. PET-G material
has a high water-absorption property [41-43]. Water penetrates polymer material; several
physicochemical changes can occur and mechanical properties can be irreversibly
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degraded. All this can cause a change in the nanoroughness of the polymer material
[43,44]. Corega tablets in the study by Porojan et al. [43] also caused an increase in surface
roughness of Biolon, but the results were statistically insignificant, which corresponds to
our findings. The importance of brushing on the retainer clearance is described in the
Chang et al. study. They reported that brushing with toothpaste leads to 99.9% reduction
of Streptococcus mutans [45]. However, we must keep in mind that brushing can scratch
the surface of the retainer, resulting in an increased surface area that is conducive to bac-
terial colonization. Moreover, brushing may damage the cosmetic appearance of the re-
tainer and reduce its longevity [45]. Porojan et al. [43] discovered that brushing affected
the surface roughness of PET-G material more than chemical cleaning procedures, but
their findings were statistically insignificant. Other studies, however, found that brushing
has no effect on the surface roughness of polyurethane and copolyester retainer material
[29,30]. Brushing with distilled water was less effective than brushing with toothpaste in
a study conducted by Chang et al. [45]. Furthermore, there was no statistically significant
difference between the control group and rinsing with sterile distilled water, indicating
that it is ineffective at removing biofilm [45]. It is well-known that abrasive toothpastes
can cause increased surface roughness of various restorative and thermoplastic materials
[46—-48]. In this study, whitening toothpastes affected the surface roughness of the PET-G
material. This was expected, since they increase surface porosities [49] and, according to
the literature, contain titanium oxide and hydrated silica, which are known to have abra-
sive properties [50,51]. The value that explains a toothpaste’s abrasivity is most commonly
defined as relative dentin abrasivity (RDA). It is a value determined in vitro by comparing
a toothpaste slurry’s ability to remove radioactive dentine during a brushing protocol
with a standard abrasive or toothpaste formulation. According to the International Stand-
ards Organization (ISO), the abrasivity of a test formulation for dentine should not be
more than 2.5 times that of the reference abrasive, implying that the RDA should be less
than 250 [52,53]. The RDA values of whitening toothpastes on the market typically range
between 98 and 120, with activated charcoal toothpaste having the lowest (RDA 50) and
Colgate Max Fresh having the highest (RDA 175) [51,54-56]. In the present study, Aq-
uafresh toothpaste with an RDA of 113 was used. The final roughness of all investigated
specimens on the top side was below 0.2 um, which is in concordance with the Porojan et
al. study [43]. This is clinically significant because of potential bacterial adhesion [57,58].
Moreover, the smooth surface of the vestibular part of the retainer is not only important
in aspects of microbiology, but also for the patient’s comfort. According to the literature,
roughness values greater than 0.5 um can be felt by the patient’s tongue [59,60]. Further-
more, increased surface roughness can accelerate potential staining due to pigment/dye
accumulation in the porosities of the material [61]. Corega tablets and Corega in combi-
nation with brushing induced statistically significant increased surface roughness on the
bottom side of Material B. Roughness was also increased on the bottom side of Material
A; however, this difference was not statistically significant. The bottom sides of specimens
initially showed greater roughness values than the top sides. This can be explained by the
contact of the bottom side of the samples with the rough surface of dental casts during
thermoforming. Thus, the irregular and bumpy surface of the plaster caused porosities on
the bottom side of our prepared samples. These porosities, i.e., increased surface rough-
ness on the bottom side of specimens, can increase the probability of the attachment of
oxygen bubbles released from the Corega tablets. This is a result of the higher probability
of the presence of micro and nanobubbles at the sample’s surface [62]. This could be an
explanation for the increased effect of Corega tablets on the bottom sides. This aforemen-
tioned phenomenon could have an influence on the retention and stability of orthodontic
retainers because the investigated bottom sides of the specimens represent the inside of a
retainer in clinical conditions. Since there was no statistical difference between the final
values of the measured parameters, we can conclude that the two different brands acted
similarly when exposed to various cleaning procedures. There was only a statistically sig-
nificant difference in the upper side (Top) in the Corega + toothbrush group between
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Materials A and B, which is possibly due to different manufacturing processes between
the two brands. Moreover, we need to take into consideration that the thermoforming
process itself can affect the material surface. One study showed that the thermoplastic
surface becomes statistically significantly rougher and more irregular after this process
[63]. Limitations of this study include the shape of the polyethylene specimens, which
were flat and did not completely reflect the shape of a real retainer. Additionally, in vivo
environmental differences in abrasive wear may occur when a retainer is opposed by nat-
ural dentition versus the simultaneous wearing of two retainers [64]. A retainer’s re-
sistance to wear is also influenced by thermoforming and oral exposure [4]. The present
report evaluated roughness. In the future, the evaluation of other significant variables,
such as flexural strength [65] and hardness [66], will importantly supplement the results
of the present study.

5. Conclusions

The current study suggests that the mechanical properties of thermoplastic materials
may change. Almost all the tested cleaning procedures significantly increased the surface
roughness of the PET-G retainer material. The top-side roughness of both the tested PET-
G materials increased significantly when using a toothbrush following any protocol, while
the Corega tablets did not produce any significant effects. By contrast, the bottom side
was more sensitive to the Corega tablets, while brushing did not result in greater rough-
ness of the already-rougher surface. In the future, in vivo studies could be performed in
order to obtain more realistic results. Moreover, considering bottom-side-retainer poros-
ity due to cast manufacturing and the influence of Corega, printed retainers should be
considered in future research.
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