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Abstract: Retention devices are essential after orthodontic treatment in order to avoid the risk of
relapse. For this goal, vacuum-thermoformed removable retainers (VTRRs) are useful tools in clinical
practice. The main limitation related to them is the accumulation of plaque. The aim of this study was
to investigate the bacterial loads present on VTRRs (Essix ACE Plastic, Dentsply Sirona) in patients
under retention therapy. Patients were randomly divided into three groups, depending on the
product used for the cleansing of the VTRR: Geldis, Polident tablets, and simple water, respectively.
Microbiological samples were taken from the retainers at the baseline, after 1 and after 2 months,
with the collection of Bleeding on Probing (BoP), Plaque Index (PI), Basic Erosive Wear Examination
(BEWE) and Schiff Air Sensitivity test (SAI). A total of 15 patients were recruited and for each product,
5 patients were allocated. No significant intragroup and intergroup differences were observed at any
time point for PI, SAI, BoP, Red Complex, Total Pathogen and Total Saprophyte loads. A significant
intragroup and intergroup difference was assessed at T1 and T2 for BEWE in the control group.
According to the results of this study, the bacterial load on VTRR retainers is not influenced by the
cleaning methods tested.

Keywords: orthodontics; retainers; retention; essix; microbiology; bacteria; periodontal indexes;
randomized clinical trial; vacuum-thermoformed removable retainer

1. Introduction

Several retention devices are used after orthodontic treatment in order to maintain
arch form and minimize relapse [1]. Among the different possibilities, vacuum-formed
retainers and Begg retainers are included; the former are preferred for aesthetics and
comfort, the latter for functional capabilities such as chewing and biting [2]. A widely
used device is also the lingual splint, mainly in the lower arch. This retainer, that is
bonded to the lingual surfaces of the teeth, is increasingly preferred by orthodontists for
being fixed and easy to tolerate by patients for long-term stay; however, there is a greater
chance of accumulating plaque and tartar in the surrounding area [3] Among various
types of removable retainers, the vacuum-thermoformed removable retainers (VTRR) were
introduced in 1993 as an esthetic, comfortable and inexpensive alternative to traditional
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retainers. The considerable demand for preserving aesthetics during and after orthodontic
treatment led to the development of devices that are almost invisible within the oral cavity.
The limit of this retainer is that compliance is an essential requirement [4]. These types of
removable appliances have other advantages such as comfort, reduction in chairside time,
possibility of removing them both during meals and for the brushing of teeth such as clear
aligners [5]. Despite these pros, costs are higher for vacuum-formed retainers [6,7].

However, orthodontic appliances in the oral cavity led to the possibility of having mul-
tiple sites of bacterial adhesion and formation of biofilms (plaque accumulation) with pos-
sible progression towards inflammatory processes such as gingivitis and periodontitis [8,9].
This biofilm coats both hard and soft tissues, it is composed of host constituents, bacteria,
cell-free enzymes and polysaccharides [10]. The biofilm can mature with the adhesion
and proliferation of periodontal pathogenic species including S. mutans [11]. If patients
fail to maintain a good level of oral hygiene, the microorganisms incorporated in the
plaque begin to proliferate and create a suitable habitat for hosting periodontal pathogenic
species. [12]. For this reason, periodontal parameters such as plaque index (PI), gingival
index (GI), bleeding on probing (BOP) and probing pocket depth (PPD) are evaluated [13].
In addition to the patient’s oral hygiene, plaque accumulation is also favored by the type
of appliance. In subjects undergoing orthodontic therapy, the above indexes generally
increase [13]. However, even thermoplastic appliances could facilitate bacterial adhesion if
they have scratches and microabrations [14]. It was demonstrated that increased gingival
inflammation and plaque scores were associated both with fixed mandibular retainer and
vacuum-formed retainer in a 4-year follow up study [15].

Therefore, the aim of this study was to investigate the bacterial loads present on VTRR
retainers in patients under retention phase using three different cleansing products. The
first null hypothesis is that there are no significant intragroup and intergroup differences in
the periodontal clinical indexes considering the three groups. Additionally, the second null
hypothesis is that no significant differences occur for microbiological parameters.

2. Materials and Methods
2.1. Study Design and Participants

This is a randomized clinical trial with parallel assignment registered on Clinica-
Trials.gov (NCT04871763). Patients referring to the Unit of Orthodontics and Pediatric
Dentistry, Section of Dentistry, Department of Clinical, Surgical, Diagnostic and Pediatric
Sciences, University of Pavia, Pavia, Italy for retention follow-up after the end of orthodon-
tic therapy were recruited. Patients or their parents signed the informed consent before
starting the trial.

The inclusion criteria were: patients who completed orthodontic treatment and under
VTRR phase. Exclusion criteria were: patients under orthodontic treatment with fixed
appliances or clear aligners, non-orthodontic patients, and patients with a greater tendency
to accumulate plaque (e.g., having congenital anomalies such as cleft lip and palate).

2.2. Interventions and Outcomes

At the baseline (T0), participants underwent a professional supragingival and subgin-
gival oral hygiene treatment using a piezoelectric and Gracey curettes. Patients were then
instructed to correct domiciliary oral hygiene procedures, brushing their teeth for 2 min
twice a day. VTRR (Essix ACE Plastic, Dentsply Sirona, Konstanz, Germany) had to be
worn during sleep for all the nights.

They were divided into 3 groups according to the type of cleaning of VTRR: in the first
group, patients had to clean their VTRRs with Geldis® Daily Cleanser gel with its specific
toothbrush (Kalipharm srl, Milan, Italy); in the second group, VTRRs had to be left in a
glass of water with one Polident tablet (GlaxoSmithKline, Brentford, England); in the third
group, VTRRs had to be cleaned with a toothbrush under running water.

The composition of the products tested is shown in Table 1.
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Table 1. Composition of the tested products.

Product Manufacturer Composition

Geldis Daily Cleanser Kalipharma Srl, Como (CO), Italy

aqua, sodium laureth sulphate, cocamide DEA, sodium
chloride, mentha piperita oil, phenoxyethanol, benzoic acid,

ascorbic acid, dehydroacetic acid, ethylhexyglycerin,
limonene

Polident Intense Freshness GlaxoSmithKline S.p.A., Verona
(VR), Italy

sodium bicarbonate, citric acid, potassium caroate
(potassium monopersulphate), sodium carbonate, sodium

carbonate peroxide, TAED, sodium benzoate, PEG-180,
sodium lauryl sulphate, VP/VA copolymer, aroma,

subtilisin, cellulose gum, CI 42090, CI 73015

Geldis was used applying a small amount of product on the VTRR. Then, a specific
silicone-bristled toothbrush had to be used (in order to avoid scrapes), followed by rinsing
with water.

A Polident tablet was dropped into a glass with warm water, so that the VTRR could
be completely covered. After soaking for 3–5 min, a soft brush had to be used. A rinsing of
1 min had to be performed after the use of the brush.

The following periodontal indexes were evaluated: Plaque Control Record [16], Schiff
Air Index [17], Bleeding on Probing [18] and BEWE index [19]. Microbiological evaluation
was performed by means of a Real Time PCR-based test (BPA Basic, Biomolecular Diag-
nostic Srl, Firenze, Italy). The specific kit used allowed for the detection of the following
bacteria: Aggregatibacter actinomycetemcomitans, Porphyromonas gingivalis, Prevotella interme-
dia, Fusobacterium nucleatum, Red Complex load, total pathogens load and total saprophytes
load. Microbiological samples were collected with sterile papers, inserted for 30 s on VTRRs
and then stored in a sterile test tube to be sent to the laboratory (storage at −20 ◦C). Patients
were not asked to avoid food or beverage intake before sampling procedures.

Periodontal evaluation and microbiological samples were conducted at the baseline
(T0), after 1 month (T1) and after 2 months (T2).

2.3. Sample Size

A sample size calculation was performed (alpha = 0.05; power = 80%) for two indepen-
dent study groups and a continuous primary endpoint. Considering the variable Bleeding
on Probing as the primary outcome, an expected mean of 15 was hypothesized, with a
standard deviation of 7 [20]. The expected difference between the means was supposed to
be 12; therefore, 5 patients were requested for each group.

2.4. Randomization and Blinding

Patients were randomly assigned to one of the three groups using a permuted block
randomization table. An operator enrolled the participants and executed the professional
oral procedures. Using previously prepared sequentially numbered, opaque, sealed en-
velopes (SNOSE), an assistant assigned patients to the respective treatment. The products
were blinded so that the patients, the operator and the data analyst could be blinded too.

2.5. Statistical Methods

Data were submitted to statistical analysis with R Software (R version 3.1.3, R De-
velopment Core Team, R Foundation for Statistical Computing, Wien, Austria). For each
group and variable, the following descriptive statistics were calculated: mean, standard
deviation, minimum, median, and maximum. PI was calculated in percentage; saprophytic
and bacterial loads were calculated as percentages of the total microbiological loads; red
complex was calculated as copies/microliter; SAI, BEWE index and BoP were calculated
with the relative score.
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Data normality was assessed with Kolmogorov–Smirnov test. For each variable,
inferential comparisons among groups were performed using ANOVA with post hoc Tukey
test. Significance was predetermined for p < 0.05 for all of the statistical tests.

3. Results

A total of 15 patients responding to the inclusion criteria were asked to participate
in the study. They all agreed to participate and received the allocated interventions. No
patient was excluded from the analysis. The flow chart of the study is shown in Figure 1. At
baseline, the sample showed a mean age of 29.1 ± 9.1 years (11 females, mean age 29.3 ± 9;
4 males, mean age 28.5 ± 11).
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Figure 1. CONSORT flow chart of the study.

Descriptive and inferential statistics are reported in the following sections. Inter- and
intra-group comparisons are shown with letter-based comparisons [21].

3.1. Clinical Indexes

With regards to PI, SAI and BoP, no significant intergroup and intragroup differences
were detected (p > 0.05) (Tables 2–4).
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Table 2. Descriptive statistics of Plaque Control Record measurements (PCR%).

Group Time Mean St Dev Min Median Max Significance *

Water T0 38.00 32.72 0.00 29.00 79.00 A
T1 51.20 27.62 22.00 59.00 78.00 A
T2 72.00 18.84 41.00 73.00 89.00 A

Geldis T0 40.80 21.51 16.00 46.00 65.00 A
T1 42.60 16.50 17.00 43.00 62.00 A
T2 36.60 22.03 7.00 42.00 65.00 A

Polident T0 53.80 16.18 38.00 45.00 75.00 A
T1 65.60 18.58 47.00 66.00 90.00 A
T2 64.40 26.03 30.00 67.00 91.00 A

* Different letters show statistically significant differences among the groups (p < 0.05).

Table 3. Descriptive statistics of Schiff Air Index measurements.

Group Time Mean St Dev Min Median Max Significance *

Water T0 0.60 0.89 0.00 0.00 2.00 A
T1 0.60 0.89 0.00 0.00 2.00 A
T2 0.40 0.89 0.00 0.00 2.00 A

Geldis T0 1.00 0.71 0.00 1.00 2.00 A
T1 1.00 0.71 0.00 1.00 2.00 A
T2 0.60 0.55 0.00 1.00 1.00 A

Polident T0 1.00 0.71 0.00 1.00 2.00 A
T1 1.00 1.22 0.00 1.00 3.00 A
T2 0.80 1.10 0.00 0.00 2.00 A

* Different letters show statistically significant differences among the groups (p < 0.05).

Table 4. Descriptive statistics of Bleeding on Probing measurements.

Group Time Mean St Dev Min Median Max Significance *

Water T0 1.40 2.61 0.00 0.00 6.00 A,B
T1 1.60 1.14 0.00 2.00 3.00 A
T2 3.20 3.11 0.00 4.00 7.00 A,B

Geldis T0 1.20 2.17 0.00 0.00 5.00 A,B
T1 0.20 0.45 0.00 0.00 1.00 A,B
T2 0.20 0.45 0.00 0.00 1.00 A,B

Polident T0 1.20 1.79 0.00 0.00 4.00 A,B
T1 2.40 3.36 0.00 1.00 8.00 A,B
T2 0.00 0.00 0.00 0.00 0.00 B

* Different letters show statistically significant differences among.

3.2. Microbiological Parameters

With regards to Total Pathogen, Total Saprophyte, and Red Complex, no significant
intergroup and intragroup differences were detected (p > 0.05) (Tables 5–7).

Table 5. Descriptive statistics of Total Pathogen loads measurements.

Group Time Mean St Dev Min Median Max Significance *

Water T0 5.80 8.01 0.00 0.00 16.00 A
T1 2.70 5.98 0.00 0.00 13.40 A
T2 2.40 5.37 0.00 0.00 12.00 A

Geldis T0 0.03 0.08 0.00 0.00 0.17 A
T1 0.30 0.67 0.00 0.00 1.50 A
T2 3.61 4.82 0.02 2.21 12.00 A

Polident T0 4.40 7.16 0.00 2.00 17.00 A
T1 0.00 0.00 0.00 1000 0.00 A
T2 4.44 6.30 0.00 1.80 15.00 A

* Different letters show statistically significant differences among the groups (p < 0.05).
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Table 6. Descriptive statistics of Total Saprophyte loads measurements.

Group Time Mean St Dev Min Median Max Significance *

Water T0 94.20 8.01 84.00 100.00 100.00 A
T1 97.38 5.80 87.00 100.00 100.00 A
T2 97.52 5.55 87.60 100.00 100.00 A

Geldis T0 99.96 0.09 99.80 100.00 100.00 A
T1 99.70 0.67 98.50 100.00 100.00 A
T2 96.26 5.01 87.50 97.80 99.90 A

Polident T0 95.60 7.16 83.00 98.00 100.00 A
T1 100.00 0.00 100.00 100.00 100.00 A
T2 95.60 6.27 85.00 98.00 100.00 A

* Different letters show statistically significant differences among.

Table 7. Descriptive statistics of Red Complex loads measurements.

Group Time Mean St Dev Min Median Max Significance *

Water T0 0.20 0.45 0.00 0.00 1.00 A
T1 0.00 0.00 0.00 0.00 0.00 A
T2 0.20 0.45 0.00 0.00 1.00 A

Geldis T0 0.00 0.00 0.00 0.00 0.00 A
T1 0.00 0.00 0.00 0.00 0.00 A
T2 0.00 0.00 0.00 0.00 0.00 A

Polident T0 0.40 0.55 0.00 0.00 1.00 A
T1 0.00 0.00 0.00 0.00 0.00 A
T2 0.20 0.45 0.00 0.00 1.00 A

* Different letters show statistically significant differences among.

4. Discussion

To avoid relapse, retainers are necessary at the end of orthodontic treatment in order
to ensure the results remain as stable as possible. Retainers can be fixed or removable. The
fixed ones, known as splints, are widely used but require a precise adhesion technique and a
greater attention in performing correct oral hygiene procedures. The greater accumulation
of plaque and tartar is related to a greater risk of developing caries and periodontal
problems [3]. A study conducted by Levin et al. highlighted that splints are associated
with an increase in the plaque index, gingival recession and bleeding on probing [22]. For
these reasons, clinicians often choose a removable retainer. However, this retainer can also
be associated with greater plaque accumulation [23]). On the basis of this evidence, it is
necessary to define cleaning and disinfection protocols for thermoplastic appliances.

The aim of this study was to investigate the bacterial loads present on VTRRs in
patients under retention phase using three different cleansing products.

The first null hypothesis was that there are no significant intragroup and intergroup
differences in the periodontal clinical indexes considering the three groups.

Additionally, the second null hypothesis was that no differences occur for microbiolog-
ical parameters either. Both null hypotheses were rejected. No significant differences were
generally assessed for neither periodontal nor clinical indexes, despite a better outcome for
Geldis. In fact, this product contains an increased number of substances which might be
responsible for this cleaning effect, such as sodium lauryl sulphate, cocamide dea, sodium
chloride, mentha piperita oil, phenoxyethanol, benzoic acid, ascorbic acid, dehydroacetic
acid, ethylhexyglycerin, and limonene. Even if insignificant, a higher reduction in bleeding
indexes was assessed in the Geldis group.

Levrini et al.’s study showed that mechanical brushing of aligners associated with
effervescent tablets leads to better results than just rinsing under water. Tablets allow a
better cleaning result, but only if associated with mechanical brushing for the removal
of the bacterial biofilm [23]. As demonstrated by Meto et al., the microbial biofilm is
formed naturally on the surface of thermoplastic devices and despite washing with water
and toothbrush the 3D images show the presence of microbial colonies. The association
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with Cupral (a compound based on copper-calcium hydroxide) exerts powerful effects
against microbial plaque, naturally present on clear aligners. Its use has been innovative
in orthodontics, while in previous clinical applications it was used in periodontology and
endodontics [24]. Shpack et al. noted that there are regions of the thermoplastic appliance
that have significantly greater biofilm adherence than the anterior region. In the oral cavity,
plaque accumulates mainly on the vestibular surfaces of teeth, while the palatal ones have
a self-cleansing effect thanks to the tongue. On the thermoformed device, it is just the
opposite [14]. Other authors have shown that covering aligner surface with a coating
of gold nanoparticles controlled the adhesion of the bacterial biofilm, in particular with
the inhibition of P. gingivalis and S. mutans [25,26]. It is also important to take care of the
appliance as both physical and chemical changes can lead to greater retention of plaque, so
it is essential to instruct the patient to a correct cleansing of the VTRR [27].

The slight reduction in Geldis group microbiological parameters (except for the total
saprophyte bacterial load) could be explained by recently investigated antimicrobial activity
of mentha piperita essential oil [28].

According to Sfondrini et al., the use of these devices did not significantly affect the pe-
riodontal and microbiological parameters with respect to patients not under treatment [29];
similarly in our study time point, PI and BOP had no significant intragroup and intergroup
differences, despite the fact that BOP was much superior at T2 in the control group which
suggests the role of the experimental products in maintaining the periodontal status. The
PCR index for the Water group increases in a non-statically significant way, for Polydent
and Geldis at T2 the values decrease. BOP increases for the Water group between T0, T1
and T2; for Geldis it decreases; while for Polident between T0 and T1 it increases and
between T1 and T2 it decreases. As regards SAI score, a reduction was assessed for all the
groups at T2 which is probably related to the decrease in sensitivity for all of the patients
who get used to wear the VTRRs.

Instead, for both the control and the trial group, the total bacteria count was signif-
icantly increased compared to values, respectively, assessed at T0 and at T1 (intragroup
differences), no significant intergroup differences were assessed. In the same way, the
results here obtained show that Red Complex values are reduced or remain the same as the
initial values. Despite this being insignificant, a reduction for the Red Complex load was
generally assessed in the groups at T1 with a certain increase at T2. It could be hypothesized
that the cleaning methods of the VTRR exert a major effect on these bacteria especially at a
short term.

Schiff Air Index remains almost constant between T0, T1 and T2. BEWE index showed
significant differences for the Water group whose values increase, while the values of Geldis
and Polydent remain almost constant in the 3 timeframes.

In order to carry out the microbiological evaluation, a commercial kit was used as it has
been in previous recent research [18]. However, due to the fact that Tannerella forsythia and
Treponema denticola are excluded from the microbiological assessment of the BPA Basic kit
used in this study, further analysis should also include these bacterial species. Moreover, for
a more precise and complete analysis, the kit should identify which species were included
in “saprophytic bacterial loads”.

The limitations of this report are the short follow-ups (1 and 2 months) and that only
patients belonging to the department could participate in the study. Moreover, only one
category of VTRR was tested, but further types of these devices should be considered to
detect any different effects on periodontal health between them (it could compare the effects
of other types of removable retainer such as Positioners, Spring retainers or other resin
appliance). The fact that no specific toothbrush was given to patients for domiciliary oral
hygiene is another limitation of the study. Moreover, it would be interesting to evaluate how
different electric toothbrushes could influence the clinical and microbiological parameters
taken into account. Additionally, the products tested here should be compared with other
substances available on the market. Finally, it could also be interesting to assess whether
the same effects of this study would be obtained considering a different timing of cleaning.
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5. Conclusions

The correct cleaning of VTRRs is a fundamental aspect. On the basis of the results of
this study, no significant differences for microbiological and periodontal clinical parameters
were generally assessed considering the three cleaning methods here tested.

Author Contributions: Conceptualization, A.B. and A.S.; methodology, A.B.; software, A.S.; valida-
tion, A.B.; formal analysis, A.S.; investigation, G.S.; resources, S.G., M.P., M.A. and A.M.; data curation,
G.S. and A.S.; writing—original draft preparation, B.S.; writing—review and editing, S.G. and M.P.;
visualization, A.B. and A.S.; supervision, A.B.; project administration, A.S.; funding acquisition, A.B.
All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki and approved by the Unit Internal Review Board (2021-0120) and registered
on clinicaltrials.gov: NCT04871763 (accessed on 2 July 2022).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: Data are available upon reasonable request from the corresponding
author.

Acknowledgments: The authors would like to thank the manufacturers for the materials tested.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Demir, A.; Babacan, H.; Nalcacı, R.; Topcuoglu, T. Comparison of retention characteristics of Essix and Hawley retainers. Korean J.

Orthod. 2012, 42, 255–262. [CrossRef] [PubMed]
2. Krämer, A.; Sjöström, M.; Hallman, M.; Feldmann, I. Vacuum-formed retainers and bonded retainers for dental stabilization-a

randomized controlled trial. Part II: Patients’ perceptions 6 and 18 months after orthodontic treatment. Eur. J. Orthod. 2021, 43,
136–143. [CrossRef] [PubMed]

3. Kartal, Y.; Kaya, B. Fixed Orthodontic Retainers: A Review. Turk. J. Orthod. 2019, 32, 110–114. [CrossRef]
4. McDonald, F.; Cobourne, M. Adult orthodontics: Perils and pitfalls. Prog. Orthod. 2007, 8, 308–313.
5. Lombardo, L.; Martini, M.; Cervinara, F.; Spedicato, G.A.; Oliverio, T.; Siciliani, G. Comparative SEM analysis of nine F22 aligner

cleaning strategies. Prog. Orthod. 2017, 18, 26. [CrossRef] [PubMed]
6. Sonesson, M.; Naraghi, S.; Bondemark, L. Cost analysis of two types of fixed maxillary retainers and a removable vacuum-formed

maxillary retainer: A randomized controlled trial. Eur. J. Orthod. 2022, 44, 197–202. [CrossRef]
7. Hichens, L.; Rowland, H.; Williams, A.; Hollinghurst, S.; Ewings, P.; Clark, S.; Ireland, A.; Sandy, J. Cost-effectiveness and patient

satisfaction: Hawley and vacuum-formed retainers. Eur. J. Orthod. 2007, 29, 372–378. [CrossRef]
8. Sfondrini, M.F.; Debiaggi, M.; Zara, F.; Brerra, R.; Comelli, M.; Bianchi, M.; Pollone, S.R.; Scribante, A. Influence of lingual bracket

position on microbial and periodontal parameters in vivo. J. Appl. Oral Sci. 2012, 20, 357–361. [CrossRef]
9. Sun, F.; Ahmed, A.; Wang, L.; Dong, M.; Niu, W. Comparison of oral microbiota in orthodontic patients and healthy individuals.

Microb. Pathog. 2018, 123, 473–477. [CrossRef]
10. Steinberg, D. Studying Plaque Biofilms on Various Dental Surfaces; Humana Press: Totowa, NJ, USA, 2000; pp. 353–370.
11. Steinberg, D.; Eyal, S. Initial biofilm formation of Streptococcus sobrinus on various orthodontics appliances. J. Oral Rehabil. 2004,

31, 1041–1045. [CrossRef]
12. Abusleme, L.; Dupuy, A.K.; Dutzan, N.; Silva, N.; Burleson, J.A.; Strausbaugh, L.D.; Gamonal, J.; Diaz, P.I. The subgingival

microbiome in health and periodontitis and its relationship with community biomass and in-flammation. ISME J. 2013, 7,
1016–1025. [CrossRef] [PubMed]

13. Karkhanechi, M.; Chow, D.; Sipkin, J.; Sherman, D.; Boylan, R.J.; Norman, R.G.; Craig, R.G.; Cisneros, G.J. Periodontal status of
adult patients treated with fixed buccal appliances and removable aligners over one year of active orthodontic therapy. Angle
Orthod. 2013, 83, 146–151. [CrossRef]

14. Shpack, N.; Greenstein, R.B.-N.; Gazit, D.; Sarig, R.; Vardimon, A.D. Efficacy of three hygienic protocols in reducing biofilm
adherence to removable thermoplastic appliance. Angle Orthod. 2013, 84, 161–170. [CrossRef] [PubMed]

15. Al-Moghrabi, D.; Johal, A.; O’Rourke, N.; Donos, N.; Pandis, N.; Gonzales-Marin, C.; Fleming, P.S. Effects of fixed vs removable
orthodontic retainers on stability and periodontal health: 4-year follow-up of a randomized controlled trial. Am. J. Orthod.
Dentofac. Orthop. 2018, 154, 167–174.e1. [CrossRef] [PubMed]

16. O’Leary, T.J.; Drake, R.B.; Naylor, J.E. The Plaque Control Record. J. Periodontol. 1972, 43, 38. [CrossRef]

clinicaltrials.gov
http://doi.org/10.4041/kjod.2012.42.5.255
http://www.ncbi.nlm.nih.gov/pubmed/23173119
http://doi.org/10.1093/ejo/cjaa039
http://www.ncbi.nlm.nih.gov/pubmed/32613244
http://doi.org/10.5152/TurkJOrthod.2019.18080
http://doi.org/10.1186/s40510-017-0178-9
http://www.ncbi.nlm.nih.gov/pubmed/28782094
http://doi.org/10.1093/ejo/cjab080
http://doi.org/10.1093/ejo/cjm039
http://doi.org/10.1590/S1678-77572012000300011
http://doi.org/10.1016/j.micpath.2018.08.011
http://doi.org/10.1111/j.1365-2842.2004.01350.x
http://doi.org/10.1038/ismej.2012.174
http://www.ncbi.nlm.nih.gov/pubmed/23303375
http://doi.org/10.2319/031212-217.1
http://doi.org/10.2319/012413-75.1
http://www.ncbi.nlm.nih.gov/pubmed/23786595
http://doi.org/10.1016/j.ajodo.2018.01.007
http://www.ncbi.nlm.nih.gov/pubmed/30075919
http://doi.org/10.1902/jop.1972.43.1.38


Healthcare 2022, 10, 1239 9 of 9

17. Pepelassi, E.; Rahiotis, C.; Peponi, E.; Kakaboura, A.; Vrotsos, I. Effectiveness of an in-office arginine-calcium carbonate paste
on dentine hypersensitivity in periodontitis patients: A double-blind, randomized controlled trial. J. Clin. Periodontol. 2014, 42,
37–45. [CrossRef]

18. Butera, A.; Gallo, S.; Pascadopoli, M.; Maiorani, C.; Milone, A.; Alovisi, M.; Scribante, A. Paraprobiotics in non-surgical periodontal
therapy: Clinical and microbiological aspects in a 6-month follow-up domiciliary protocol for oral hygiene. Microorganisms 2022,
10, 337. [CrossRef]

19. Bartlett, D.; Ganss, C.; Lussi, A. Basic Erosive Wear Examination (BEWE): A new scoring system for scientific and clinical needs.
Clin. Oral Investig. 2008, 12, 65–68. [CrossRef]

20. Manzon, L.; Fratto, G.; Rossi, E.; Buccheri, A. Periodontal health and compliance: A comparison between Essix and Hawley
retainers. Am. J. Orthod. Dentofac. Orthop. 2018, 153, 852–860. [CrossRef]

21. Piepho, H.-P. An algorithm for a letter-based representation of all-pairwise comparisons. J. Comput. Graph. Stat. 2004, 13, 456–466.
[CrossRef]

22. Levin, L.; Samorodnitzky-Naveh, G.R.; Machtei, E.E. The association of orthodontic treatment and fixed retainers with gingival
health. J. Parodontolol. 2008, 79, 2087–2092. [CrossRef] [PubMed]

23. Charavet, C.; Gourdain, Z.; Graveline, L.; Lupi, L. Cleaning and disinfection protocols for clear orthodontic aligners: A systematic
review. Healthcare 2022, 10, 340. [CrossRef] [PubMed]

24. Meto, A.; Colombari, B.; Castagnoli, A.; Sarti, M.; Denti, L.; Blasi, E. Efficacy of a copper–calcium–hydroxide solution in reducing
microbial plaque on orthodontic clear aligners: A case report. Eur. J. Dent. 2019, 13, 478–484. [CrossRef] [PubMed]

25. Zhang, M.; Liu, X.; Xie, Y.; Zhang, Q.; Zhang, W.; Jiang, X.; Lin, J. Biological safe gold nanoparticle-modified dental aligner
prevents the porphyromonas gingivalis biofilm formation. ACS Omega 2020, 5, 18685–18692. [CrossRef] [PubMed]

26. Xie, Y.; Zhang, M.; Zhang, W.; Liu, X.-M.; Zheng, W.; Jiang, X. Gold nanoclusters-coated orthodontic devices can inhibit the
formation of streptococcus mutans biofilm. ACS Biomater. Sci. Eng. 2020, 6, 1239–1246. [CrossRef]

27. Gracco, A.; Mazzoli, A.; Favoni, O.; Conti, C.; Ferraris, P.; Tosi, G.; Guarneri, M.P. Short-term chemical and physical changes in
invisalign appliances. Aust. Orthod. J. 2009, 25, 34–40.

28. Tafrihi, M.; Imran, M.; Tufail, T.; Gondal, T.A.; Caruso, G.; Sharma, S.; Sharma, R.; Atanassova, M.; Atanassov, L.; Fokou, P.V.T.;
et al. The wonderful activities of the genus mentha: Not only antioxidant properties. Molecules 2021, 26, 1118. [CrossRef]

29. Sfondrini, M.; Butera, A.; Di Michele, P.; Luccisano, C.; Ottini, B.; Sangalli, E.; Gallo, S.; Pascadopoli, M.; Gandini, P.; Scribante, A.
Microbiological changes during orthodontic aligner therapy: A prospective clinical trial. Appl. Sci. 2021, 11, 6758. [CrossRef]

http://doi.org/10.1111/jcpe.12319
http://doi.org/10.3390/microorganisms10020337
http://doi.org/10.1007/s00784-007-0181-5
http://doi.org/10.1016/j.ajodo.2017.10.025
http://doi.org/10.1198/1061860043515
http://doi.org/10.1902/jop.2008.080128
http://www.ncbi.nlm.nih.gov/pubmed/18980517
http://doi.org/10.3390/healthcare10020340
http://www.ncbi.nlm.nih.gov/pubmed/35206954
http://doi.org/10.1055/s-0039-1695653
http://www.ncbi.nlm.nih.gov/pubmed/31494917
http://doi.org/10.1021/acsomega.0c01532
http://www.ncbi.nlm.nih.gov/pubmed/32775870
http://doi.org/10.1021/acsbiomaterials.9b01647
http://doi.org/10.3390/molecules26041118
http://doi.org/10.3390/app11156758

	Introduction 
	Materials and Methods 
	Study Design and Participants 
	Interventions and Outcomes 
	Sample Size 
	Randomization and Blinding 
	Statistical Methods 

	Results 
	Clinical Indexes 
	Microbiological Parameters 

	Discussion 
	Conclusions 
	References

