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Abstract

:

Nowadays, there is a considerable interest to study the biological and microbiological changes that accompany orthodontic treatment. Growing knowledge on oral microbiota allows, day after day, to identify and characterize the microbial arrangements specifically associated with oral and extra-oral conditions. The aim of the present work is to highlight any further correlations between orthodontic appliances and the qualitative and quantitative modifications of the oral microbiota, such as predisposing factors for the onset of caries, periodontal diseases, and other infections, which can impact the oral and systemic health of the orthodontic patients. When compared with subjects without orthodontic appliances, orthodontic patients reported significant qualitative and quantitative differences in supra- and subgingival plaque during the entire treatment period. Certain components of fixed appliances (mainly bonded molar brackets, ceramic brackets, and elastomeric ligatures) showed high risks of periodontal disease and tooth decay for patients. An unclear prevalence of Candida spp. and the paucity of studies on viruses and protozoas in the oral microbiota of orthodontic patients need to be further investigated. The evidence emerging from this study could guide clinicians in modulating the timing of controls and enhance patient motivation to prevent the formation of mature plaque, thus reducing the risks of oral-plaque-related diseases.
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1. Introduction: Oral Dysbiosis and Related Oral Conditions in General Population


Over the years, the need and prevalence of orthodontic treatments have increased, particularly in developed countries [1], for both therapeutic and aesthetic purposes, and thanks to the development of different orthodontic devices and protocols [2,3,4,5] that meet the needs of every potential patient. Orthodontic procedures are indicated to correct dental malocclusions and craniofacial skeletal discrepancies of a genetic, family, and/or environmental nature, using fixed and/or removable orthodontic devices.



Recently, research has also investigated various biomarkers to monitor biological changes in tooth movement before and during treatment and has focused on the role and weight of numerous variables, such as oral hygiene levels and food habits related to the onset of dental and periodontal diseases during orthodontic treatment [6,7].



In general, the main plaque-related periodontal diseases are gingivitis and periodontitis. Gingivitis is a non-destructive inflammation, usually reversible after dental plaque control, while periodontitis, determined by the presence of predisposing factors—genetic and environmental—continues even after the restoration of oral hygiene [8], resulting in the irreversible loss of attachment and teeth due to a perpetuation of local inflammation, initially triggered by periodontopathogen bacteria [9].



In addition, various systematic reviews have confirmed the worsening of clinical parameters indicative of periodontal diseases, such as plaque index, bleeding on probing, attachment loss, and the onset of pockets or gingival recessions, in association with the time and type of orthodontic treatment, reporting varying degrees of reversibility after treatments.



The causes of the onset of periodontal diseases in orthodontic patients can be traced to:




	
more difficult maintenance of oral hygiene,



	
plaque retention to orthodontic devices,



	
bone/periodontal movements and remodeling under orthodontic forces, which can favor the accumulation of subgingival plaque and enhance the periodontal pathogenic potential [10,11].








Aside from periodontal implications, plaque retention in the presence of orthodontic appliances has also been associated with increased susceptibility to caries and is influenced by transient/permanent qualitative and quantitative changes in the oral microbiota, responsible for the onset of oral infections, with systemic effects on well-being [12,13], thus predisposing orthodontic patients to suffer various pathologies more likely than non-orthodontic patients [14].



1.1. Dental Plaque Characterization


Dental plaque changes over time and depending on the location, so that early and mature plaques, supragingival and subgingival plaques, differ greatly from each other and are responsible for various and different pathologies, the most prevalent of which are caries and periodontal diseases. This is due to the fact that, by definition, dental plaque is a polymicrobial biofilm made up of various bacterial complexes, which mutually benefit from coaggregation, adhesion, and metabolic interactions [15].



Supragingival plaque is generally considered to be the main cause of caries and demineralization of enamel and dentin, as a consequence of the presence of Streptococcus mutans and other cariogenic bacteria, such as Lactobacilli and Actinomycetes species (spp.) as second colonizers, [14] but it also plays a key role in the late co-aggregation of periodontopathogen bacteria in the subgingival plaque, consisting mainly of gram-negative anaerobic bacteria strongly associated with periodontal diseases [16].



Thanks to culture-independent high-throughput technologies, such as reverse transcriptase-polymerase chain reaction (RT-PCR) [17], and related, which, compared to conventional culture methods widely used in the past, allow the simultaneous evaluation of a large number of microbial species from different samples—saliva, supra-, and sub-gingival plaque—and from a wide range of subjects, the knowledge on the oral microbiota is enriched, day by day, allowing the characterization of the microbiota in conditions other than baseline. By definition, the oral microbiota is the collection of more than 600 microbial species—eukaryotes, archaea, bacteria, fungi, and viruses—living in specific ecological niches of the mouth [18,19], 169 of which constitute the indigenous “core oral microbiome”, whose species are qualitatively and quantitatively housed in three different niches, classified as: Group 1, buccal mucosa, keratinized gingiva, and hard palate; Group 2, saliva, tongue, tonsils, and throat (back wall of oropharynx); and Group 3, sub- and supra-gingival plaque [20].



1.1.1. Subgingival Plaque and Periodontopathogen Bacteria


Subgingival plaque was first characterized in 1998, with checkerboard DNA–DNA hybridization (CDDH) when Socransky et al. analyzed the subgingival microbiota in a series of adults with and without periodontitis and grouped the forty species more frequently associated into complexes [21]. The grouping of these complexes was done on the basis of their strong or weak association with periodontitis and its clinical signs and they have been color-labeled in red, orange, yellow, green, and purple complexes; even today, this classification is used to refer to the periodontal pathogenic potential of each specific bacterium.



Periodontal damage begins thanks to the so-called “early colonizers” (the bacteria of the green and yellow complexes), which are able to adhere with their fimbriae to the dental film, thus favoring the subsequent co-adhesion and co-aggregation of the bacteria of the orange complex. The orange bacteria are the “bridge species” that connect green and red bacteria, produce toxins and enzymes responsible for the progressive loss of attachment and increase in pocket depth, thus creating a hospitable environment in the gingival sulcus/pocket for living conditions and colonization by red-complex bacteria. The latter is the “late colonizers”, lodged in the deepest pockets and strongly associated with bleeding in the advanced stages of periodontitis [21].



Therefore, periodontal damage by red bacteria is the endpoint of a process during which different green/yellow and orange bacteria accumulate and co-aggregate, making the subgingival niche a hospitable habitat for the red bacteria.




1.1.2. Supragingival Plaque and Periodontopathogen Bacteria


Ten years later of their first work, Haffajee, Socransky et al. repeated a similar investigation to define relationships among bacterial species in supragingival plaque samples from a control group of periodontally healthy subjects and a test group consisting of patients who experienced attachment loss [22]. They found specific microbial complexes in the test group’s supragingival plaque that were similar to those found in subgingival plaque samples, with some minor differences. Moreover, in this case, the colonization sequence of the supragingival plaque begins with the Streptococci (yellow complex), which are progressively replaced by the Actinomicetes, and then, at the bleeding sites and in the gingival pockets, they bind to the orange and red complexes, both ubiquitously present in supragingival and subgingival plaques and in inflamed and non-inflamed pockets.





1.2. The Role of Other Microscopic Agents in Gingival and Oral Health


Noteworthy, virus, fungi, and protozoa may also be involved in gingival diseases, such as linear gingival erythema associated with Candida albicans in children with AIDS [23] or Entamoeba gingivalis involved in periodontal destruction [24].



As regards Candida spp., they are not only responsible for a series of oral and systemic opportunistic infections [25,26], but they have also been implicated in the onset of caries as they show a synergistic relationship with S. mutans, with which they are frequently associated in mature plaque, mainly in children [27].



Usually, the presence of viruses in the oral microbiota (the so-called “oral virobiome”) is indicative of potential infections, as the viruses are microscopic agents responsible for infection and damage to eukaryotic cells, with lifelong effects and/or recurrences [28,29]. Among the viruses commonly found at the oral sites, Epstein–Barr Virus (EBV) and Human Cytomegalovirus (CMV), as well Herpes Simplex Virus (HSV), also showed significantly higher in patients with severe periodontitis than in healthy subjects [30,31] and viral–bacterial associations in aggressive periodontitis—such as EBV/CMV with Porphyromonas gingivalis and Aggregatibacter actinomycetemcomitans—has been reported by various authors [32,33]. These viruses have been considered responsible for local immunosuppression that can favor the subgingival colonization and the multiplication of periodontal bacteria, indirectly exerting a periodontopathic effect [32,33].




1.3. Aims


On the basis of the evidence reported for the general population, the aim of the present work is to highlight any further correlations between orthodontic appliances and the related qualitative and quantitative modifications of the oral microbiota, such as predisposing factors for the onset of caries, periodontal diseases and other infections, which can impact the oral and systemic health of the orthodontic patients.





2. Microbiota Changes in Orthodontic Patients with Fixed Appliances


Several systematic reviews summarized the clinical and microbial differences found in salivary or plaque samples between orthodontic patients (case groups) and subjects not undergoing orthodontic therapies (control groups).



Pan et al. found significant differences in the number of microbial counts between 61 orthodontic and 56 non-orthodontic subjects (age range, 11–17 years) [34], reporting the highest increased in the case group three months after the placement of the orthodontic appliances and the significantly increased presence of strongly pathogenic P. gingivalis-specific fimA genotypes in the case group, defining this subtype as closely associated with orthodontic gingivitis.



The consistent quantitative and qualitative changes in the plaque one month after the start of orthodontic treatment were confirmed by a systematic review by Lucchese et al. [11]. According to it, different orthodontic appliances tended indiscriminately to alter the oral microbiota during treatment, but fixed appliances reported a greater and significant cariogenic and periodontopathogen effect than removable appliances.



2.1. Fixed Appliances and Periodontopathogen Bacteria


In 2017, Guo et al. [35] performed a meta-analysis to observe microbial changes in subgingival plaque between case/controls and before, during, and after orthodontic treatments with metal fixed appliances, focusing on the amounts of the red-complex bacteria (P. gingivalis, Prevotella intermedia and Tannerella forsythia, plus A. actinomycetemcomitans). Of these, only T. forsythia showed a statistically significant increase three months after orthodontic appliances, while a transient increase in all the species considered was detected six months after the start of the treatment. Furthermore, P. intermedia characteristically increased more significantly at the incisors than at the molars.



In 2018, Sun et al. [36] investigated microbial diversity from salivary samples from 20 healthy individuals and 30 patients with full fixed orthodontic appliances during the midterm of orthodontic treatment (10–12 months): real-time PCR analysis with gene-specific primers confirmed that the two groups expressed two distinct microbial communities with greater microbial diversity in the orthodontic group, characterized by higher amounts of Pseudomonas spp., P. synxantha, Burkholderia species and Veillonella parvula; conversely, there were no significant differences in S. oralis and Neisseria lactamica amounts.



The association between changes in clinical parameters and subgingival plaque was highlighted by Naranjo et al. in cultures from subgingival microbial specimens collected from 30 patients before and after bracket placement and 30 additional control subjects without orthodontic treatment [37]. Compared to the control group and baseline, elevated levels of P. gingivalis, P. intermedia/Prevotella nigrescens, T. forsythia, and Fusobacterium spp., were found in orthodontic patients three months after the placement of the brackets. Furthermore, a number of gram-negative superinfecting bacteria and enteric rods (Klebsiella oxytoca, Enterobacter cloacae, Klebsiella pneumoniae, Serratia marcescens, Pseudomonas species, Enterobacter aerogenes, Enterobacter gergoviae) were found indistinctly in all groups, without significant differences. Similarly, Kim et al. studied longitudinal changes in the subgingival microbiota by PCR before and during the first period of orthodontic treatment (up to 6 months) [38] in 30 adolescents treated with fixed appliances (conventional metal brackets with stainless steel ligatures and molar bands). From three months after placement of orthodontic appliances and thereafter, at least one periodontopathogen species—among A. actinomycetemcomitans, T. forsythia, C. rectus, Eikenella corrodens, P. gingivalis, P. intermedia, P. nigrescens, and Treponema denticola—was found in every subject. Among them, C. rectus and P. nigrescens significantly increased already after the first week of treatment, while T. forsythia took longer to colonize, after 3–6 months of treatment. In contrast, A. actinomycetemcomitans was detected at a very low level and showed no significant increase during the observation period. All frequencies of periodontopathogens were significantly higher in the molars than in the incisors. A similar decrease in Actinomyces spp. after 1 year of treatment was also reported by Lemos et al. in a study with CDDH on subgingival biofilm samples from 17 adults with full-fixed orthodontic appliances [39]. These authors also reported that, during treatment, P. intermedia and other orange complex species increased, while the proportions of the red complex species remained unchanged.



In addition to considering microbial changes during therapy, other authors have focused on changes that happen after the end of therapy, to assess whether a return to baseline occurs or if an altered microbiota remains. In their work, Guo et al. also reported a return to pretreatments levels several months after the removal of fixed appliances [35]. This was also confirmed by Choi et al. with a PCR-based study of the microbial changes occurring in subgingival plaque samples from 30 orthodontic patients three months after removal of fixed orthodontic appliances compared to 30 healthy subjects not undergoing orthodontic treatment [40]. They also reported that periodontopathogens bacteria significantly increased during orthodontic treatment (mainly T. forsythia, C. rectus, and E. corrodens) and then significantly reduced within three months of removing the appliance, eventually returning to levels similar to those reported in healthy subjects, except for T. forsythia and P. nigrescens, which persisted at even higher but not statistically significant levels compared to the control group. Similarly, Lo et al. [41] described with cultural techniques the bacterial composition before and during fixed orthodontic treatment in 10 patients (age range, 10–17 years), up to 12 weeks from appliance placement, revealing a prevalent aerobic flora (Streptococcus spp., A.odontolyticus, A. israelii) before treatment and one year from the start, and a prevalent facultative aerobic (A. actinomycetemcomitans, Actinomyces viscosus, Capnocytophaga gingivalis) and anaerobic species (E.corrodens, Fusobacterium nucleatum, Micrococcus micros, Peptostreptococcus anaerobius, P. gingivalis, and Pseudomonas spp.) during the first 2–4 weeks of treatment.




2.2. Fixed Appliances and Cariogenic Species


In 2016, Klaus et al. reported the results of a cross-sectional study on 75 subjects treated with fixed appliances (mean age, 14.4 ± 1.8 years) to measure the prevalence in saliva and plaque of Candida spp, S. mutans, and Lactobacilli, with culture methods [42]. The subjects were divided according to their oral hygiene status into three groups: good oral hygiene (GOH), poor oral hygiene (POH), and poor oral hygiene with white spots lesions (POH/WL). All patients, regardless of groups, reported a high prevalence of Candida spp. both in saliva (73% of cases) and plaque (61% of cases) with a significantly higher prevalence in the POH group and in the POH/WL group compared to the GOH group. C. albicans and C. dubliniensis were the main species identified, found in 86% and 15% of cases, respectively. With regards to bacteria, both S. mutans and Lactobacilli were found in 100% of salivary samples and in 91% of plaque samples, respectively, higher and significantly higher, in POH and POH/WL groups than in GOH group. A similar study on the cultural identification of salivary S. mutans, Lactobacillus spp. and C. albicans was performed by Topaloglu-Ak et al. [43] on 35 children with fixed appliances and 34 with removable devices, reporting a significant increase in S. mutans and Lactobacilli six months after insertion of fixed/removable appliances and a statistically higher presence of C. albicans in the fixed appliance group than in the removable appliance group.



In 2011, Andrucioli et al. [44] assessed bacterial contaminations after 30 days of permanence of premolar bands inserted after 16 months of fixed orthodontic treatment in 18 patients (age range 11–29 years), by checkerboard DNA–DNA hybridization. Among the cariogenic species, S. mutans and Streptococcus sobrinus were found in greater numbers than Lactobacillus acidophilus and Lactobacillus casei. The detection of periodontal pathogens of the orange complex was higher than that of the red complex and represented 40% of the total bacterial count.




2.3. Conventional Brackets with Elastomeric Ligatures, Steel Ligatures, Self-Ligating Brackets and Ceramic Brackets


Among fixed appliances, metal brackets with elastomeric ligatures have been shown to retain more plaque and worsen bleeding on probing and the plaque index more significantly than steel ligatures. In detail, Türkkahraman et al., after performing a split-mouth study on 21 subjects with two different archwire ligation techniques (elastomeric rings and steel ligatures), reported more bleeding at the teeth ligated with elastomeric rings than those with steel ligatures [45]. This finding was confirmed by Alves de Souza et al. which reported significantly higher amounts of T. forsythia and P. nigrescens at elastomeric ligatures, while P. gingivalis, A. actinomycetemcomitans and P. intermedia did not differ significantly [46].



A third type of ligature used for archwire ligation is the self-ligating bracket: this system has been variously associated with higher bleeding, worse plaque index and with an increase in gram-negative and gram-positive bacteria (mainly Streptococci and Lactobacilli) in several studies, despite they did not report statistically significant differences compared to conventional brackets ligated with stainless steel ligatures [47,48]. Regarding the risk of caries, Jing et al. [49] found a significant increase in S. mutans in patients with conventional brackets compared to those with self-ligating brackets over 18 months after starting the treatments.



In 2002, Anhoury et al. [50] compared the total bacterial counts and the levels of various cariogenic and periodontopathogen bacteria present on 24 metallic and 32 ceramic orthodontic brackets immediately after their debonding. The mean counts of P. gingivalis were very similar on metallic and ceramic brackets isolated from both posterior and anterior teeth, as well for amounts of P. nigrescens, Actinomyces odontolyticus, T. forsythia, Actinomyces naeslundii, Capnocytophaga ochracea, Actinomyces israelii and cariogenic bacteria such as S. mutans and L. acidophilus. In contrast, the two types of bracket exhibited statistical differences in the counts of eight periodontopathogen species: the metallic bracket showed significant increased levels of T. denticola, A. actinomycetemcomitans, F. nucleatum ss vincentii, S. anginosus and E. nodatum, while in ceramic ones E. corrodens, Capnocytophaga showae, Selenomonas noxia were the most significantly increased species. Counts of Streptococcus sanguis, Actinomyces gerencseriae, and Streptococcus constellatus significantly increased in anterior ceramic brackets, while C. rectus was higher in posterior metallic brackets.




2.4. Molar Band vs. Bonded Molar Tubes


In 2014, Ireland et al. [51] used denaturing gradient gel electrophoresis (DGGE) and 16S rDNA microarray in a cross-mouth study on 24 orthodontic patients (age range, 11–14 years) to investigate differences in clinical parameters and microbial communities in supra- and subgingival plaque from banded molar vs bonded molar, randomly assigned, during treatment and up to one year after appliance removal. In both groups, the plaque populations changed within three months of starting fixed treatment and was characterized by an increase in T. denticola and P. nigrescens, and a decrease in A. actinomycetemcomitans. Post-treatment plaque associated with both types of molar attachments showed increased levels of periodontal pathogens, such as P. gingivalis, T. forsythia, and E. nodatum, while C. rectus, Parvimonas micra, A. odontolyticus and V. parvula were peculiarly elevated only in bonded molars. One year after the cessation of treatment, the banded molar plaque returned to its baseline composition, while a new arrangement of the microbial community persisted in the bonded molars.



In 2016, Mártha et al. [52] used DNA-strip technique to assess the presence of eleven periodontopathogen bacteria in subgingival plaque of banded and bonded molars, before and during the first two months of fixed orthodontic treatment, in 25 subjects (age range, 11–17 years). The most common bacteria, regardless of groups and time, were F. nucleatum (92% of samples), E. corrodens (76% of samples), and Capnocytophaga spp. (C. gingivalis, C. ochracea, C. sputigena), while the other eight species (A. actinomycetemcomitans, P. gingivalis, P. intermedia, T. forsythia, T. denticola, Parvimonas micra, C. rectus, and Eubacterium nodatum) were found less frequently. Among them, E. nodatum was found only in 2 subjects with bonded molars during treatment, while E. corrodens, P. micra, T. denticola and T. forsythia were stable over time in the banded molar group but it significantly increased two months later in the bonded group, as well as Capnocytophaga spp.





3. Microbiota Changes in Children with Functional/Orthodontic Appliances


Various functional/orthodontic appliances are used in interceptive orthodontics, such as in those children needing rapid maxillary expansion. The microbial changes associated to these types of appliances were studied by Ortu et al. [53] who evaluated the microbial levels of S. mutans and Lactobacillus spp. in 30 children aged 6–9 years and grouped into 10 subjects treated with rapid palatal expander (RPE), 10 treated with Mc Namara expander, and 10 patients as control. These authors found a significant increase in Streptococci and Lactobacilli in each group but no significant differences between the groups, except the Mc Namara group that showed significantly higher amounts of Lactobacilli after 6 months of treatment than in control group and RPE.




4. Clear Aligners vs. Fixed Orthodontic Appliances in Adults


In 2015, Levrini et al. [54] prospectively considered 77 patients grouped in subjects with clear aligners, fixed orthodontics, and control to assess periodontal indexes and microbial composition of the plaque before and during treatments: they found better control over biofilm formations and significantly less severe periodontal indexes in the clear aligners wearers, as confirmed by the meta-analysis made by Rossini et al. on the periodontal health of patients treated with clear aligners compared to those treated with fixed appliances [55].



With regard to the characterization of the microbiota in subjects with clear aligner vs. fixed appliances, Lombardo et al. [56] recently reported a longitudinal study of the subgingival microbiota in these two groups, focusing on the identification and quantification of A. actinomycetemcomitans, P. gingivalis, F. nucleatum, C. rectus, T. denticola and T. forsythia by real-time PCR. They found a significantly increased total bacterial load during both treatments and a progressive increase in C. rectus and F. nucleatum in the fixed appliances group. Conversely, A. actinomycetemcomitans was never detected, while P. gingivalis, T. forsythia and T. denticola were rarely detected. Similar comparisons were also reported by Mummolo et al. [57], focusing on the amounts of Streptococci and Lactobacilli in a prospective controlled study on 80 adults—40 subjects with clear aligners and 40 with fixed orthodontic appliances—reporting a significant increase in the amounts of those cariogenic species in the saliva of subjects with fixed appliances.



The superior periodontal health in removable appliances wearers compared to fixed orthodontic appliances has recently been confirmed by two meta-analyses by Lu et al. and Wu et al. [58,59]. The authors considered randomized controlled trials (RCTs) and prospective cohort studies comparing periodontal health status in patients undergoing orthodontic treatment with fixed and removable appliances. They compared the gingival index (GI), plaque index (PI), the sulcus probing depth (SPD), and the sulcus bleeding index (SBI) from seven and thirteen eligible studies, respectively, and found that, compared to wearers of fixed appliances, wearers of clear aligners did not show significant differences in GI and SPD but reported significantly lower PI and SBI, at any time of observation.




5. Protozoas, Fungi and Other Bacterial Species in Orthodontic Patients


While a wide variety of works have focused on cariogenic and periodontopathogen bacteria in orthodontic patients, further studies focused on other pathogenic and opportunistic microorganisms responsible for various oral and systemic diseases. In 2019, Perkowski et al. performed a cultural study on periodontal swab from 25 young orthodontic patients (6–13 years old) treated with removable orthodontic appliances and 25 older patients (14–23 years) treated with fixed appliances, each compared to 50 healthy subjects in the same age ranges of the two test groups [60] to test for any clinical and microbial differences among the four groups. As expected, caries and DMFT (decay, missed, filled teeth index) [61] were significantly higher in the younger subjects, while bleeding on probing was higher in the older subjects, irrespective of case/control groups. The fixed orthodontic group showed a higher prevalence of Enterococcus faecalis, Enterococcus faecium, Staphylococcus aureus and Escherichia coli, and other gram-negative such as Enterobacter cloacae, P. agglomerans, and Klebsiella spp. plus various strains of Candida spp., compared to those with removable appliance or not treated. In particular, the presence of C.albicans was correlated with higher bleeding indices and poor oral hygiene. Furhtermore, few older subjects reported the identification of protozoas (Trichomonas tenax and Entamoeba gingivalis) regardless of the groups, while cysts of Acanthamoeba spp. were exclusively found in 3 patients with fixed appliances.



The higher carriage of Candida spp. in orthodontic patients with fixed appliance than in non-orthodontic subjects and patients with orthodontic removable appliances has been previously discussed, as reported by Topaloglu et al. [43] and other authors [62,63]. Klaus et al. also reported a significant higher prevalence of Candida spp. associated with poor oral hygiene [42], as confirmed by the literature [64].



In their work, Arslan et al. characterized by culture methods Candida species found in 58% of a group of adolescents with fixed orthodontic appliances: C. albicans was predominant (73.8%), followed by C. tropicalis, C. krusei and C. kefyr (7.14%), and C.parapsilosis (4.76%) [63]. Similar rates were reported by Grzegocka et al. [65] who analyzed Candida spp. from oral rinses and suprangingival plaque in 17 orthodontic subjects (mean age 17 ± 7 years) founding 59% of Candida carriers among them, and a strongly correlation with the massive presence of plaque.



Contrasted with these findings, Sanz-Orrio-Soler et al. [66] recently reported the results of a prospective controlled trial on oral colonization by Candida species in 124 orthodontic patients before, during, and after treatment with fixed appliances. Again, Candida spp. identification was based on culture methods and results contrasted with the previously published literature: the authors did not observe any statistically significant increase in the colonization of C. albicans during the orthodontic treatment despite the fact that ceramic brackets showed a higher incidence of this fungus. Similarly, Tapia et al. [67] found colonization rates of C. albicans and C. tropicalis of 6.7% in 90 orthodontic subjects (20.6 ± 7.1 years).




6. Discussion


The present work examined the scientific literature to highlight any specific microbial changes that occur during and after different types of orthodontic treatments.



When compared with subjects without orthodontic treatment, orthodontic patients reported significant qualitative and quantitative differences in the amount and microbial composition of plaque during the entire treatment period. Removable appliances were less associated with worsening of periodontal indices and caries because, despite being worn nearly 24 h a day, they can be easily removed to allow for proper oral hygiene. These results are in line with a recent meta-analysis by Jiang et al. [68], reporting that patients with clear aligners, compared with those undergoing orthodontic treatment with fixed appliances, appear to benefit from better oral health and periodontal parameters, thus recommending clear aligners as preferential therapeutic option in those patients at high risk of developing gingivitis/periodontitis, mainly adults [69]. Furthermore, subjects with fixed appliances showed a significant increase in the number of Streptococci and Lactobacilli and, therefore, a greater risk of caries than subjects with clear aligners [57].



Among the types of brackets and ligatures used in fixed orthodontic therapies, patients with conventional brackets have shown an increase in S. mutans and should be considered at higher risk of developing white spot lesions and caries than patients with self-ligating brackets [49], as well as elastomeric ligatures and ceramic brackets are more associated with poor oral conditions and with a greater amount of periodontopathogen and cariogenic species. Based on these findings, while self‑ligating brackets are microbiologically safer, elastomeric ligatures and ceramic brackets must be considered at higher risk of periodontal diseases and caries.



In fixed appliances, the first changes already occur during the first weeks of treatment and, within the first month, Streptococci and Actynomicetes spp. predominate, as well as C. rectus and P. nigrescens (orange complex species), A. actinomycetemcomitans, A. viscosus, Capnocytophaga gingivalis and anaerobic species (Eikenella corrodens, F. nucleatum, Micrococcus micros, Peptostreptococcus anaerobius, P. gingivalis and Pseudomonas species). After 3 months, the species of the orange complex increase and account for the 40% of the total bacteria counts. The red complex bacteria P. gingivalis, P. intermedia, and T. forsythia, significantly increase after 6 months, as well as Lactobacilli. From the end of the treatment, the literature agreed in founding a return to the original bacterial flora of the baseline, thus considering all the microbial alterations occurred during orthodontic treatment as transitory [35]. However, some authors have disproved this finding by reporting a long-term effect on periodontal health in patient with molar bonded tubes appliances compared with the classical molar bands [51]. On this basis, more rigorous follow-up should be considered after orthodontic treatment in patients treated with molar bond.



Regarding the presence of Candida spp. in orthodontic patients, many studies reported a high and significant prevalence of this yeast in orthodontic patients, but other studies have refuted this hypothesis. An explanation of these discordant results can be given by analyzing the reported studies: few subjects were enrolled and the methods of fungal detection were based on culture, which underestimate the presence of those yeasts that are difficult to cultivate, especially if present in low percentages. For these reasons, more extensive studies are desirable and the use of high throughput technologies should be preferred to culture methods in order to map, without risk of underestimation, the real oral mycobiome of orthodontic patients. It should be noted that Candida is an opportunist agent which, under physiological conditions, is present only as a carrier. However, if local or systemic alterations occur, it can virulent with repercussions of various degrees on the health of the individual [26].



In one study, the presence of protozoas was also found: Trichomonas tenax, Entamoeba gingivalis, and Acanthamoeba spp. are not a common resident of the oral cavity and their opportunistic colonization may be associated with serious systemic conditions, such as lung abscesses, granulomatous encephalitis, and keratitis, as well their proteinases activity is capable of damaging oral mucosal tissues and invading the periodontal spaces [58].



With regard to virobiome in orthodontic subjects, the scientific literature is silent and has not reported significant works on the presence of viruses associated with orthodontic treatments. However, based on the viral–bacterial interaction found in periodontitis [32], it is reasonable to hypothesize a triggering role of HSV, EBV, and CMV (viruses frequently reported in children and adolescents [70,71]) in periodontal damage if associated with significant amounts of periodontopathogen bacteria.




7. Conclusions


The qualitative and quantitative changes in the microbial plaque of orthodontic patients occur as early as one week and they become more consistent three months after the start of treatment, with stable colonization first by orange and then by red species. Especially in patients being treated with fixed devices, it is advisable to strengthen oral hygiene and clinical checks in the first months of treatment to block the progression, maturation, and arrangement of periodontopathogen and cariogenic species in plaque.



The results of the present review were in accordance with what recently reported by Müller et al., which concluded the reversibility of the periodontal changes and the permanence of enamel demineralization and white spots, thus suggesting the use of antibacterial orthodontic bonding systems as an adjunct in the maintenance of proper dental health in orthodontic patients [72].



Furthermore, this study focused on the literature related to healthy, immunocompetent subjects without other local or systemic affections. Therefore, it is foreseeable that patients with special needs, those with immunological alterations or other oral and/or systemic comorbidities, may be more affected by the cariogenic and periodontopathogen effects of mature plaque during orthodontic treatments, and a high carriage of Candida spp. could be responsible for fungal stomatitis and disseminated candidiasis in fragile subjects.



Since the correlations between oral dysbiosis and systemic diseases are various and reported in the more recent literature, [73,74] it is desirable to conduct targeted research on the less investigated components of the oral microbiota (fungi, viruses, and protozoan) and on fragile populations requiring orthodontic treatments, to prevent oral and extraoral complications and to guarantee each patient personalized dentistry with personalized therapies [75], which takes into account the microbiological and clinical characteristics of each individual.







Author Contributions


Conceptualization, M.C., A.L., M.P. and R.S.; writing—original draft preparation, M.C, A.R. and D.D.S.; writing—review and editing, M.C., C.L., C.R. and M.P. All authors have read and agreed to the published version of the manuscript




Funding


This research received no external funding.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Grippaudo, M.M.; Quinzi, V.; Manai, A.; Paolantonio, E.G.; Valente, F.; La Torre, G.; Marzo, G. Orthodontic treatment need and timing: Assessment of evolutive malocclusion conditions and associated risk factors. Eur J Paediatr Dent. 2020, 21, 203–208. [Google Scholar] [CrossRef]

	



Marra, P.; Nucci, L.; Abdolreza, J.; Perillo, L.; Itro, A.; Grassia, V. Odontoma in a young and anxious patient associated with unerupted permanent mandibular cuspid: A case report. J. Int. Oral Heal. 2020, 12, 182. [Google Scholar] [CrossRef]

	



Cozzani, M.; Sadri, D.; Nucci, L.; Jamilian, P.; Pirhadirad, A.P.; Jamilian, A. The effect of Alexander, Gianelly, Roth, and MBT bracket systems on anterior retraction: A 3-dimensional finite element study. Clin. Oral Investig. 2019, 24, 1351–1357. [Google Scholar] [CrossRef]

	



Grassia, V.; D’Apuzzo, F.; Ferrulli, V.E.; Matarese, G.; Femiano, F.; Perillo, L. Dento-skeletal effects of mixed palatal expansion evaluated by postero-anterior cephalometric analysis. Eur J Paediatr Dent. 2014, 15, 59–62. [Google Scholar] [PubMed]

	



Grassia, V.; d’Apuzzo, F.; Di Stasio, D.; Jamilian, A.; Lucchese, A.; Perillo, L. Upper and lower arch changes after Mixed Palatal Expansion protocol. Eur J Paediatr Dent. 2014, 15, 375–380. [Google Scholar]

	



Grassia, V.; Lombardi, A.; Kawasaki, H.; Ferri, C.; Perillo, L.; Mosca, L.; Cave, D.D.; Nucci, L.; Porcelli, M.; Caraglia, M. Salivary microRNAs as new molecular markers in cleft lip and palate: A new frontier in molecular medicine. Oncotarget 2018, 9, 18929–18938. [Google Scholar] [CrossRef]

	



Perinetti, G.; D’Apuzzo, F.; Contardo, L.; Primozic, J.; Rupel, K.; Perillo, L. Gingival crevicular fluid alkaline phosphate activity during the retention phase of maxillary expansion in prepubertal subjects: A split-mouth longitudinal study. Am. J. Orthod. Dentofac. Orthop. 2015, 148, 90–96. [Google Scholar] [CrossRef]

	



Mombelli, A. Microbial colonization of the periodontal pocket and its significance for periodontal therapy. Periodontology 2000 2018, 76, 85–96. [Google Scholar] [CrossRef] [PubMed]

	



Ballini, A.; Cantore, S.; Farronato, D.; Cirulli, N.; Inchingolo, F.; Papa, F.; Malcangi, G.; Inchingolo, A.D.; Dipalma, G.; Sardaro, N.; et al. Periodontal disease and bone pathogenesis: The crosstalk between cytokines and porphyromonas gingivalis. J Biol Regul Homeost Agents 2015, 29, 273–281. [Google Scholar]

	



Giugliano, D.; D’Apuzzo, F.; Majorana, A.; G CAMPUS; Nucci, F.; Flores-Mir, C.; Perillo, L. Influence of occlusal characteristics, food intake and oral hygiene habits on dental caries in adolescents: A cross-sectional study. Eur J Paediatr Dent 2018, 19, 95–100. [Google Scholar]

	



Lucchese, A.; Bondemark, L.; Marcolina, M.; Manuelli, M. Changes in oral microbiota due to orthodontic appliances: A systematic review. J. Oral Microbiol. 2018, 10, 1476645. [Google Scholar] [CrossRef] [PubMed]

	



Contaldo, M.; Della Vella, F.; Raimondo, E.; Minervini, G.; Buljubasic, M.; Ogodescu, A.; Sinescu, C.; Serpico, R. Early Childhood Oral Health Impact Scale (ECOHIS): Literature review and Italian validation. Int. J. Dent. Hyg. 2020, 18, 396–402. [Google Scholar] [CrossRef]

	



Zannella, C.; Shinde, S.; Vitiello, M.; Falanga, A.; Galdiero, E.; Fahmi, A.; Santella, B.; Nucci, L.; Gasparro, R.; Galdiero, M.; et al. Antibacterial Activity of Indolicidin-Coated Silver Nanoparticles in Oral Disease. Appl. Sci. 2020, 10, 1837. [Google Scholar] [CrossRef]

	



De Freitas, A.O.A.; Marquezan, M.; Nojima, M.D.C.G.; Alviano, D.S.; Maia, L.C. The influence of orthodontic fixed appliances on the oral microbiota: A systematic review. Dent. Press J. Orthod. 2014, 19, 46–55. [Google Scholar] [CrossRef]

	



Kwon, T.; Lamster, I.B.; Levin, L. Current concepts in the management of periodontitis. Int. Dent. J. 2020. [Google Scholar] [CrossRef] [PubMed]

	



Tezal, M.; Scannapieco, F.A.; Wactawski-Wende, J.; Grossi, S.G.; Genco, R.J. Supragingival Plaque May Modify the Effects of Subgingival Bacteria on Attachment Loss. J. Periodontol. 2006, 77, 808–813. [Google Scholar] [CrossRef]

	



Pannone, G.; Sanguedolce, F.; De Maria, S.; Farina, E.; Muzio, L.L.; Serpico, R.; Emanuelli, M.; Rubini, C.; De Rosa, G.; Staibano, S.; et al. Cyclooxygenase Isozymes in Oral Squamous Cell Carcinoma: A Real-Time RT-PCR Study with Clinic Pathological Correlations. Int. J. Immunopathol. Pharmacol. 2007, 20, 317–324. [Google Scholar] [CrossRef]

	



Dewhirst, F.E.; Chen, T.; Izard, J.; Paster, B.J.; Tanner, A.C.R.; Yu, W.-H.; Lakshmanan, A.; Wade, W.G. The Human Oral Microbiome. J. Bacteriol. 2010, 192, 5002–5017. [Google Scholar] [CrossRef] [PubMed]

	



Segata, N.; Haake, S.K.; Mannon, P.; Lemon, K.P.; Waldron, L.; Gevers, D.; Huttenhower, C.; Izard, J. Composition of the adult digestive tract bacterial microbiome based on seven mouth surfaces, tonsils, throat and stool samples. Genome Biol. 2012, 13, R42. [Google Scholar] [CrossRef]

	



Wade, W.; Prosdocimi, E. Profiling of Oral Bacterial Communities. J. Dent. Res. 2020, 99, 621–629. [Google Scholar] [CrossRef]

	



Socransky, S.S.; Haffajee, A.D.; Cugini, M.A.; Smith, C.; Kent, R.L., Jr. Microbial complexes in subgingival plaque. J. Clin. Periodontol. 1998, 25, 134–144. [Google Scholar] [CrossRef]

	



Haffajee, A.D.; Socransky, S.S.; Patel, M.R.; Song, X. Microbial complexes in supragingival plaque. Oral Microbiol. Immunol. 2008, 23, 196–205. [Google Scholar] [CrossRef] [PubMed]

	



Velegraki, A.; Nicolatou, O.; Theodoridou, M.; Mostrou, G.; Legakis, N.J. Paediatric AIDS - related linear gingival erythema: A form of erythematous candidiasis? J. Oral Pathol. Med. 2007, 28, 178–182. [Google Scholar] [CrossRef]

	



Dubar, M.; Zaffino, M.-L.; Remen, T.; Thilly, N.; Cunat, L.; Machouart, M.-C.; Bisson, C. Protozoans in subgingival biofilm: Clinical and bacterial associated factors and impact of scaling and root planing treatment. J. Oral Microbiol. 2020, 12, 1693222. [Google Scholar] [CrossRef] [PubMed]

	



Paoletti, I.; Fusco, A.; Grimaldi, E.; Perillo, L.; Coretti, L.; Di Domenico, M.; Cozza, V.; Lucchese, A.; Contaldo, M.; Serpico, R.; et al. Assessment of Host Defence Mechanisms Induced by Candida Species. Int. J. Immunopathol. Pharmacol. 2013, 26, 663–672. [Google Scholar] [CrossRef]

	



Supplement, D.; Contaldo, M.; Romano, A.; Mascitti, M.; Fiori, F.; Della Vella, F.; Serpico, R.; Santarelli, A. Association between denture stomatitis, candida species and diabetic status. J Biol Regul Homeost Agents 2019, 33, 35–41. [Google Scholar]

	



Bachtiar, E.W.; Bachtiar, B.M. Relationship between Candida albicans and Streptococcus mutans in early child-hood caries, evaluated by quantitative PCR. F1000Res. 2018, 7, 1645. [Google Scholar] [CrossRef]

	



Pannone, G.; Santoro, A.; Carinci, F.; Bufo, P.; Papagerakis, S.M.; Rubini, C.; Campisi, G.; Giovannelli, L.; Contaldo, M.; Serpico, R.; et al. Double Demonstration of Oncogenic High Risk Human Papilloma Virus DNA and HPV-E7 Protein in Oral Cancers. Int. J. Immunopathol. Pharmacol. 2011, 24, 95–101. [Google Scholar] [CrossRef] [PubMed]

	



Donnarumma, G.; De Gregorio, V.; Fusco, A.; Farina, E.; Baroni, A.; Esposito, V.; Contaldo, M.; Petruzzi, M.; Pannone, G.; Serpico, R. Inhibition of HSV-1 Replication by Laser Diode-Irradiation: Possible Mechanism of Action. Int. J. Immunopathol. Pharmacol. 2010, 23, 1167–1176. [Google Scholar] [CrossRef]

	



Puletic, M.; Popovic, B.; Jankovic, S.; Brajovic, G. Detection rates of periodontal bacteria and herpesviruses in different forms of periodontal disease. Microbiol. Immunol. 2020, 64, 815–824. [Google Scholar] [CrossRef]

	



Khosropanah, H.; Karandish, M.; Ziaeyan, M.; Jamalidoust, M. Quantification of Epstein-Barr Virus and Human Cytomegalovirus in Chronic Periodontal Patients. Jundishapur J. Microbiol. 2015, 8, e18691. [Google Scholar] [CrossRef]

	



Sharma, S.; Tapashetti, R.P.; Patil, S.R.; Kalra, S.M.; Bhat, G.K.; Guvva, S. Revelation of Viral - Bacterial Interrelationship in Aggressive Periodontitis via Polymerase Chain Reaction: A Microbiological Study. J Int Oral Health. 2015, 7, 101–107. [Google Scholar] [PubMed]

	



Li, F.; Zhu, C.; Deng, F.-Y.; Wong, M.C.M.; Lu, H.-X.; Feng-Ying, D. Herpesviruses in etiopathogenesis of aggressive periodontitis: A meta-analysis based on case-control studies. PLoS ONE 2017, 12, e0186373. [Google Scholar] [CrossRef] [PubMed]

	



Pan, S.; Liu, Y.; Si, Y.; Zhang, Q.; Wang, L.; Liu, J.; Wang, C.; Xiao, S. Prevalence of fimA genotypes of Porphyromonas gingivalis in adolescent orthodontic patients. PLoS ONE 2017, 12, e0188420. [Google Scholar] [CrossRef] [PubMed]

	



Guo, R.; Lin, Y.; Zheng, Y.; Li, W. The microbial changes in subgingival plaques of orthodontic patients: A systematic review and meta-analysis of clinical trials. BMC Oral Heal. 2017, 17, 1–10. [Google Scholar] [CrossRef]

	



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. [Google Scholar] [CrossRef]

	



Naranjo, A.A.; Triviño, M.L.; Jaramillo, A.; Betancourth, M.; Botero, J.E. Changes in the subgingival microbiota and periodontal parameters before and 3 months after bracket placement. Am. J. Orthod. Dentofac. Orthop. 2006, 130, 275-e17. [Google Scholar] [CrossRef]

	



Kim, S.-H.; Choi, D.-S.; Jang, I.; Cha, B.-K.; Jost-Brinkmann, P.-G.; Song, J.-S. Microbiologic changes in subgingival plaque before and during the early period of orthodontic treatment. Angle Orthod. 2012, 82, 254–260. [Google Scholar] [CrossRef]

	



Lemos, M.M.; Cattaneo, P.M.; Melsen, B.; Faveri, M.; Feres, M.; Figueiredo, L.C. Impact of Treatment with Full-fixed Orthodontic Appliances on the Periodontium and the Composition of the Subgingival Microbiota. J Int Acad Periodontol. 2020, 22, 174–181. [Google Scholar]

	



Choi, D.-S.; Cha, B.-K.; Jost-Brinkmann, P.-G.; Lee, S.-Y.; Chang, B.-S.; Jang, I.; Song, J.-S. Microbiologic Changes in Subgingival Plaque After Removal of Fixed Orthodontic Appliances. Angle Orthod. 2009, 79, 1149–1155. [Google Scholar] [CrossRef]

	



Lo, B.A.M.; Di Marco, R.; Milazzo, I.; Nicolosi, D.; Calì, G.; Rossetti, B.; Blandino, G. Microbiological and clinical periodontal effects of fixed orthodontic appliances in pediatric patients. New Microbiol. 2008, 31, 299. [Google Scholar]

	



Klaus, K.; Eichenauer, J.; Sprenger, R.; Ruf, S. Oral microbiota carriage in patients with multibracket appliance in relation to the quality of oral hygiene. Head Face Med. 2016, 12, 1–7. [Google Scholar] [CrossRef] [PubMed]

	



Topaloglu-Ak, A.; Ertugrul, F.; Eden, E.; Ates, M.; Bulut, H. Effect of Orthodontic Appliances on Oral Microbiota—6 Month Follow-up. J. Clin. Pediatr. Dent. 2011, 35, 433–436. [Google Scholar] [CrossRef] [PubMed]

	



Andrucioli, M.C.D.; Nelson-Filho, P.; Matsumoto, M.A.N.; Saraiva, M.C.P.; Feres, M.; De Figueiredo, L.C.; Martins, L.P. Molecular detection of in-vivo microbial contamination of metallic orthodontic brackets by checkerboard DNA-DNA hybridization. Am. J. Orthod. Dentofac. Orthop. 2012, 141, 24–29. [Google Scholar] [CrossRef]

	



Türkkahraman, H.; Sayin, M.O.; Bozkurt, F.Y.; Yetkin, Z.; Kaya, S.; Onal, S. Archwire ligation techniques, microbial colonization, and periodontal status in orthodontically treated patients. Angle Orthod. 2005, 75, 231–236. [Google Scholar] [PubMed]

	



De Souza, R.A.; Magnani, M.B.B.D.A.; Nouer, D.F.; Da Silva, C.O.; Klein, M.I.; Sallum, E.A.; Gonçalves, R.B. Periodontal and microbiologic evaluation of 2 methods of archwire ligation: Ligature wires and elastomeric rings. Am. J. Orthod. Dentofac. Orthop. 2008, 134, 506–512. [Google Scholar] [CrossRef] [PubMed]

	



Baka, Z.M.; Basciftci, F.A.; Arslan, U. Effects of 2 bracket and ligation types on plaque retention: A quantitative microbiologic analysis with real-time polymerase chain reaction. Am. J. Orthod. Dentofac. Orthop. 2013, 144, 260–267. [Google Scholar] [CrossRef]

	



Uzuner, F.D.; Kaygisiz, E.; Çankaya, Z.T. Effect of the bracket types on microbial colonization and periodontal status. Angle Orthod. 2014, 84, 1062–1067. [Google Scholar] [CrossRef] [PubMed]

	



Jing, D.; Hao, J.; Shen, Y.; Tang, G.; Lei, L.; Zhao, Z. Effect of fixed orthodontic treatment on oral microbiota and salivary proteins. Exp. Ther. Med. 2019, 17, 4237–4243. [Google Scholar] [CrossRef]

	



Anhoury, P.; Nathanson, D.; Hughes, C.V.; Socransky, S.; Feres, M.; Chou, L.L. Microbial profile on metallic and ceramic bracket materials. Angle Orthod. 2002, 72, 338–343. [Google Scholar]

	



Ireland, A.J.; Soro, V.; Sprague, S.V.; Harradine, N.W.T.; Day, C.; Al-Anezi, S.; Jenkinson, H.F.; Sherriff, M.; Dymock, D.; Sandy, J.R. The effects of different orthodontic appliances upon microbial communities. Orthod. Craniofacial Res. 2013, 17, 115–123. [Google Scholar] [CrossRef]

	



Mártha, K.; Lőrinczi, L.; Bică, C.; Gyergyay, R.; Petcu, B.; Lazăr, L.; Information, R. Assessment of Periodontopathogens in Subgingival Biofilm of Banded and Bonded Molars in Early Phase of Fixed Orthodontic Treatment. Acta Microbiol. et Immunol. Hung. 2016, 63, 103–113. [Google Scholar] [CrossRef]

	



Ortu, E.; Sgolastra, F.; Barone, A.; Gatto, R.; Marzo, G.; Monaco, A. Salivary Streptococcus Mutans and Lacto-bacillus spp. levels in patients during rapid palatal expansion. Eur J Paed Dent. 2014, 15, 271–274. [Google Scholar]

	



Levrini, L.; Mangano, A.; Montanari, P.; Margherini, S.; Caprioglio, A.; Abbate, G.M. Periodontal health status in patients treated with the Invisalign® system and fixed orthodontic appliances: A 3 months clinical and microbiological evaluation. Eur. J. Dent. 2015, 9, 404–410. [Google Scholar] [CrossRef] [PubMed]

	



Rossini, G.; Parrini, S.; Castroflorio, T.; Deregibus, A.; Debernardi, C.L. Periodontal health during clear aligners treatment: A systematic review. Eur. J. Orthod. 2015, 37, 539–543. [Google Scholar] [CrossRef] [PubMed]

	



Lombardo, L.; Palone, M.; Scapoli, L.; Siciliani, G.; Carinci, F. Short-term variation in the subgingival microbiota of two groups of patients treated with clear aligners and vestibular fixed appliances: A prospective study. Orthod. Craniofacial Res. 2020. [Google Scholar] [CrossRef] [PubMed]

	



Mummolo, S.; Nota, A.; Albani, F.; Marchetti, E.; Gatto, R.; Marzo, G.; Quinzi, V.; Tecco, S. Salivary levels of Streptococcus mutans and Lactobacilli and other salivary indices in patients wearing clear aligners versus fixed orthodontic appliances: An observational study. PLoS ONE 2020, 15, e0228798. [Google Scholar] [CrossRef] [PubMed]

	



Lu, H.; Tang, H.; Zhou, T.; Kang, N. Assessment of the periodontal health status in patients undergoing orthodontic treatment with fixed appliances and Invisalign system. Med. 2018, 97, e0248. [Google Scholar] [CrossRef]

	



Wu, Y.; Cao, L.; Cong, J. The periodontal status of removable appliances vs fixed appliances. Med. 2020, 99, e23165. [Google Scholar] [CrossRef] [PubMed]

	



Perkowski, K.; Baltaza, W.; Conn, D.B.; Marczyńska-Stolarek, M.; Chomicz, L. Examination of oral biofilm microbiota in patients using fixed orthodontic appliances in order to prevent risk factors for health complications. Ann. Agric. Environ. Med. 2019, 26, 231–235. [Google Scholar] [CrossRef]

	



Levine, R.S.; Pitts, N.; Nugent, Z.J. The fate of 1,587 unrestored carious deciduous teeth: A retrospective general dental practice based study from northern England. Br. Dent. J. 2002, 193, 99–103. [Google Scholar] [CrossRef]

	



Hagg, U.; Kaveewatcharanont, P.; Samaranayake, Y.H.; Samaranayake, L.P. The effect of fixed orthodontic appliances on the oral carriage of Candida species and Enterobacteriaceae. Eur. J. Orthod. 2004, 26, 623–629. [Google Scholar] [CrossRef] [PubMed]

	



Arslan, S.G.; Akpolat, N.; Kama, J.D.; Özer, T.; Hamamcı, O. One-year follow-up of the effect of fixed orthodontic treatment on colonization by oral candida. J. Oral Pathol. Med. 2007, 37, 26–29. [Google Scholar] [CrossRef]

	



Muzurovic, S.; Babajic, E.; Masic, T.; Smajic, R.; Selmanagic, A. The Relationship Between Oral Hygiene and Oral Colonisation with Candida Species. Med Arch. 2012, 66, 415–417. [Google Scholar] [CrossRef]

	



Grzegocka, K.; Krzyściak, P.; Hille-Padalis, A.; Loster, J.E.; Talaga-Ćwiertnia, K.; Loster, B.W. Candida prevalence and oral hygiene due to orthodontic therapy with conventional brackets. BMC Oral Heal. 2020, 20, 1–9. [Google Scholar] [CrossRef] [PubMed]

	



Sanz-Orrio-Soler, I.; De Luxán, S.A.; Sheth, C.C. Oral colonization by Candida species in orthodontic patients before, during and after treatment with fixed appliances: A prospective controlled trial. J. Clin. Exp. Dent. 2020, 12, e1071–e1077. [Google Scholar] [CrossRef]

	



Tapia, C.V.; Batarce, C.; Amaro, J.; Hermosilla, G.; Rodas, P.I.; Magne, F. Microbiological characterisation of the colonisation by Candida sp in patients with orthodontic fixed appliances and evaluation of host responses in saliva. Mycoses 2018, 62, 247–251. [Google Scholar] [CrossRef]

	



Jiang, Q.; Li, J.; Mei, L.; Du, J.; Levrini, L.; Abbate, G.M.; Li, H. Periodontal health during orthodontic treatment with clear aligners and fixed appliances. J. Am. Dent. Assoc. 2018, 149, 712–720. [Google Scholar] [CrossRef] [PubMed]

	



Flores-Mir, C. Clear Aligner Therapy Might Provide a Better Oral Health Environment for Orthodontic Treatment Among Patients at Increased Periodontal Risk. J. Évid. Based Dent. Pr. 2019, 19, 198–199. [Google Scholar] [CrossRef]

	



Slots, J. Periodontal herpesviruses: Prevalence, pathogenicity, systemic risk. Periodontol. 2000 2015, 69, 28–45. [Google Scholar] [CrossRef] [PubMed]

	



Hong, C.H.L.; Dean, D.R.; Hull, K.; Hu, S.J.; Sim, Y.F.; Nadeau, C.; Gonçalves, S.; Lodi, G.; Hodgson, T.A. World Workshop on Oral Medicine VII: Relative frequency of oral mucosal lesions in children, a scoping review. Oral Dis. 2019, 25, 193–203. [Google Scholar] [CrossRef] [PubMed]

	



Müller, L.K.; Jungbauer, G.; Jungbauer, R.; Wolf, M.; Deschner, J. Biofilm and Orthodontic Therapy. Monographs in Oral Science 2021, 29, 201–213. [Google Scholar] [CrossRef] [PubMed]

	



Carinci, F.; Martinelli, M.; Contaldo, M.; Santoro, R.; Pezzetti, F.; Lauritano, D.; Candotto, V.; Mucchi, D.; Palmieri, A.; Tagliabue, A.; et al. Focus on periodontal disease and development of endocarditis. J. Boil. Regul. Homeost. agents 2018, 32, 143–147. [Google Scholar]

	



Contaldo, M.; Itro, A.; Lajolo, C.; Gioco, G.; Inchingolo, F.; Serpico, R. Overview on Osteoporosis, Periodontitis and Oral Dysbiosis: The Emerging Role of Oral Microbiota. Appl. Sci. 2020, 10, 6000. [Google Scholar] [CrossRef]

	



Contaldo, M.; Di Stasio, D.; Della Vella, F.; Lauritano, D.; Serpico, R.; Santoro, R.; Lucchese, A. Real Time In Vivo Confocal Microscopic Analysis of the Enamel Remineralization by Casein Phosphopeptide-Amorphous Calcium Phosphate (CPP-ACP): A Clinical Proof-of-Concept Study. Appl. Sci. 2020, 10, 4155. [Google Scholar] [CrossRef]












	
	
Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional affiliations.











© 2021 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (http://creativecommons.org/licenses/by/4.0/).






nav.xhtml


  jcm-10-00780


  
    		
      jcm-10-00780
    


  




  





media/file0.png





