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Abstract

:

The effect of probiotics in improving or maintaining oral health in orthodontic patients is understudied. The aim of this study is to evaluate the effect of probiotic administration in addition to tooth brushing on clinical gingival inflammation, plaque formation, subgingival microbiota composition, and salivary biomarkers of inflammation in adolescents with fixed orthodontic appliances. The present study is a 6-month, double-blind, two-arm, placebo-controlled, single-center trial, in which 116 adolescent volunteers aged 12–16 years will be recruited from the patients of the orthodontics clinic of the University Hospital of Lille, France. Subjects who meet the eligibility criteria will be allocated to one of the following groups: (i) control: two placebo lozenges per day for 90 days together with regular oral hygiene, (ii) test: two probiotic lozenges per day for 90 days together with regular oral hygiene. Clinical assessment and biological sample collection will be performed at baseline, 3 and 6 months. In addition, compliance outcomes and adverse events will be monitored.
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1. Introduction


Fixed orthodontic appliances (FOA) including brackets, orthodontic bands, and wires are commonly used in orthodontic therapy to correct dental malposition. These fixed appliances, left in place for a prolonged duration, facilitate the accumulation of dental biofilm and make tooth brushing more challenging and time-consuming [1,2]. The persistence and accumulation of biofilm alter the composition of the supra- and subgingival microbiota. Thus, orthodontic patients present significant qualitative and quantitative differences in supra- and subgingival plaque compared to subjects without orthodontic appliances [3]. A recent study indicated a significant increase in Bacteroidetes and Saccharibacteria (formally TM7) and decrease in Proteobacteria and Actinobacteria over time, in both plaque and saliva [4]. At genus level, an increase in relative abundance of obligate anaerobes—including periodontal pathogens—was observed, which is likely to contribute to the increased prevalence of gingivitis during orthodontic treatment [5]. Importantly, these alterations in the composition of the oral microbiota would only be partially reversed even two years after the removal of fixed orthodontic appliances [6,7]. In this respect, supporting interventions for daily oral hygiene and oral health maintenance are needed for the favorable outcome of orthodontic treatment.



Probiotics are live organisms that confer health benefits to the host when administered in adequate amounts [8]. Since it is recognized that changes in the composition of dental biofilm play a key role in the initiation and progression of periodontal diseases, the administration of probiotic strains has been proposed to be useful in the prevention and treatment of these diseases [9,10,11,12]. Lactobacillus and Bifidobacterium are the most frequently described probiotics among which Lactobacillus reuteri (L. reuteri) is one of the most studied strains [13]. In vitro, probiotic strains can modulate the immuno-inflammatory response and are effective against oral pathogens through direct (adhesion or nutritive competitions and/or the secretion of antimicrobial molecules) and indirect (environmental modifications) mechanisms [13]. While a growing number of clinical studies have reported the use of probiotic to prevent or treat gingivitis and periodontitis, there is still a lack of clear evidence regarding their benefits [14,15,16,17,18,19].



From an ecological point of view, the origin of periodontal disease is a disruption of resilience caused by a “shift regime” (i.e., large, abrupt, persistent changes in function and structure) [20] within the normally stable resident oral microbiome [21]. The placement of fixed orthodontic appliances may lead to such changes, thus facilitating the establishment of local disease by promoting the accumulation of food debris and bacterial proliferation [1,2]. The composition of the microbiota associated with periodontal disease is complex and may include species from different phyla such as Bacteroidetes, Firmicutes, Proteobacteria, Spirochaetes and Synergistetes and Saccharibacteria [22]. The pathogenesis of periodontitis is also characterized by the high complexity of the immune-inflammatory mechanisms involved. A large number of signaling molecules are involved in the regulation of the host response and some are used as biomarkers of disease activity, progression, or resolution. This includes chemokines (e.g., IL-8, MIP-1, MCP-1, RANTES), cytokines (e.g., IL-1, TNF-α, INF-γ), arachidonic acid derivatives (e.g., PGE2), and proteases (e.g., matrix metalloproteinases, cathepsins) [23,24,25,26]. In this context, the use of orally active probiotics is expected to help in improving the resilience of the oral microbiome [27,28]. Probiotics produce compounds, including bacteriocins, that could contribute to the reduction of bacterial biofilms. Probiotic bacteria also prevent colonization by new pathogens by a firm adhesion to the surfaces of the oral cavity. Through this process, bacterial aggregation and co-aggregation occur, resulting in a new microbial balance and a healthy biofilm [29]. Furthermore, probiotics have been shown to modulate natural and acquired immune responses, via downregulation of inflammatory cascades by various mechanisms [30]. In vitro, the findings tend towards a modulation in the expression and/or production of IL-1β, TNFα, PGE2, TLR2-4, IL-8 and IL-10 by Lactobacilli and Bifidobacteria used in mono- or co-infection with periodontal pathogens on human gingival epithelial cells or fibroblasts [14]. Kobayashi et al. reported that oral administration of Lactobacillus gasseri was effective in preventing Porphyromonas gingivalis-induced periodontal disease in mice [31]. Data from clinical studies have shown a significant decrease in the prevalence of Gram-negative periodontal pathogens, including Porphyromonas gingivalis, Aggregatibacter actinomycetemcomitans and Tannerella forsythia, as well as a significant decrease in the level of proinflammatory cytokines in gingival crevicular fluid, after repeated consumption of probiotic Lactobacillus species [32,33,34]. Shimauchi et al. reported a decrease in the amount of biofilm on dental surfaces (reduction in plaque index) and an improvement in gingival inflammation in smokers after a probiotic intervention using Lactobacillus salivarius [35]. Other studies have shown an improvement in gingival inflammation with probiotics, but no effect on the amount of plaque. This could be explained by a direct inhibitory effect of probiotics on competing inflammophilic periodontopathogens and/or a probiotic-induced downregulation of an excessive proinflammatory host response towards them [36,37].



Two recent systematic reviews addressing the effect of probiotics in improving or maintaining gingival health in orthodontic patients with fixed appliances have only identified 4 studies which were all focused on the short-term (1 month maximum) effect of probiotics [38,39]. In two studies, probiotics were not effective in reducing plaque (PI) and gingivitis scores (GI) [40,41], while in the other two PI and GI were improved in patients receiving probiotics [42,43]. Other studies have investigated the influence of probiotics on the composition of the oral microbiota, but the effect on the number of cariogenic or periodontal pathogens remains inconclusive [38,39]. Therefore, the therapeutic potential of oral probiotics in orthodontic patients is yet to be investigated in high-quality studies of longer durations of intervention and follow-up.



The aim of this study is to evaluate the effect of twice-daily administration of probiotics in addition to tooth brushing on gingival inflammation in adolescents with fixed orthodontic appliances.




2. Materials and Method


2.1. Research Hypothesis and Objectives


The gingival index (Loë Silness) [44] would be lower in adolescents with fixed orthodontic appliances receiving probiotics in addition to oral hygiene compared to those practicing oral hygiene alone.



2.1.1. Primary Objective


Evaluation of the gingival index at 3 months: to compare the effect of twice-daily administration of probiotic lozenges during 3 months in addition to tooth brushing versus tooth brushing alone on gingival index at 3 months in adolescents undergoing treatment with fixed orthodontic appliances.




2.1.2. Secondary Objectives


To compare the effect of adjunctive probiotics on the following parameters:




	
Gingival index at 6 months (i.e., 3 months after cessation of the lozenges intake).



	
Extent and severity of gingivitis (at 3 and 6 months).



	
Plaque accumulation on dental surfaces (at 3 and 6 months).



	
Relative abundance of bacterial taxa at the phylum level in the supra and sub gingival microbiota (at 3 and 6 months).



	
Level of salivary biomarkers of inflammation (at 3 and 6 months).










2.2. Study Design


The present study is a single-center, randomized, double blinded, two-armed, placebo-controlled trial conducted at Lille University-Hospital (CHU Lille, France). The study protocol was developed according to the Standard Protocol Items Recommendations for Interventional Studies (SPIRIT) and registered in the ClinicalTrials.gov (accessed on 16 December 2021) (NCT04634201) database.




2.3. Ethical Considerations


This trial will be conducted in accordance with the principles of the Declaration of Helsinki for studies involving humans. The protocol has been approved by the Institutional Review Board of OUEST IV (France)—CPP 1360 HPS2 (N° RIPH: 20.11.20.40523). All eligible volunteers will be informed (orally and written) about the nature, potential risks, and benefits of their participation in this study, and they will sign an informed consent.




2.4. Sample Size Calculation


The minimal sample size to assure adequate power for this study was calculated based on the variation of the mean gingival index at 6 months after treatment [45]. Considering a difference of 0.3 in the gingival index value at 6 months between the test and control groups, a significant level of 5% (two-sided test) and an attrition rate of 10%, 58 subjects should be included in each group to provide a power of 80%, i.e., a total of 116 patients.




2.5. Subject Population and Inclusion/Exclusion Criteria


Volunteers will be recruited from the outpatients of the orthodontics clinic of the University Hospital of Lille, France. Subjects will be selected according to the following criteria: (i) adolescents aged between 12–16 years, (ii) in good systemic health and proficient in tooth brushing, (iii) eligible for full arch upper and lower fixed labial orthodontic appliance treatment, (iv) with no active untreated periodontitis or evolutive gingival recession; (v) willing and able to comply with the study protocol and whose parents/guardians have given their consent. Exclusion criteria include (vi) inability to obtain informed consent, the presence of (vii) allergies, sensitivities or food intolerance to any of the components of the probiotic lozenges or placebo, (viii) systemic diseases that could affect the periodontal status (e.g., diabetes, immunological disorders), (ix) chronic use of probiotics or food supplements, and (x) use of antibiotic therapy in the previous month/ need for antibiotic premedication for dental treatment and long-term intake of anti-inflammatory drugs.




2.6. Interventions


At baseline, demographic, oral and general health information will be collected. Subsequently, a clinical periodontal examination, as well as supra and sub gingival biofilm and saliva sampling will be performed. A professional mechanical plaque removal will be provided using air-polishing combined with manual and ultrasonic scalers and patients will receive oral hygiene instruction (OHI), including tooth brushing and inter-proximal dental hygiene using interdental brushes. Subsequently, patients will be randomly allocated to one of the following groups: (i) control: two placebo lozenges a day for 90 days together with regular oral hygiene, (ii) test: two probiotic lozenges a day for 90 days together with regular oral hygiene (Figure 1 and Table 1). The administration of probiotics and placebo will start on the day of placement of fixed orthodontic appliances. The probiotic (or placebo) will be delivered for 4 weeks and will be refilled periodically. The probiotic studied (Gum® PerioBalance®) is commercially available in France. Probiotic and placebo are prepared by Bio-Gaia AB (Stockholm, Sweden). Each lozenge of probiotic contains two strains of probiotic lactic acid bacteria of human origin: L. reuteri DSM 17938 and L. reuteri ATCC (PTA 5289), each at a minimum amount of 1 × 108 CFU per lozenge. The probiotic will be used according to the manufacturer’s recommendations at a dosage of 2 lozenges/day. The composition and packaging of the placebo will be identical in all aspects to the probiotic but do not contain L. reuteri. The lozenges should be stored at a temperature below 25 °C. Patients will be asked to avoid the concomitant use of antibiotics or antiseptic mouthwashes. However, if the use of these medications is required by prescription, the principal investigator should be informed.




2.7. Primary and Secondary Outcomes Variables


The primary outcome is the difference for gingival index at 6 months post-treatment [46,47]. Secondary outcomes include:



Difference between baseline and 3–6 months post-therapy for bleeding on probing (BOP) [48];



Mean number and percentage of participants with different BOP thresholds (e.g., BOP < 30%, BOP ≥ 30%), and gingival index thresholds (e.g., GI ≤ 1, GI ≥ 2) 3 and 6 months post therapy;



Difference between baseline and 3–6 months post-therapy for plaque score [49];



Differences between groups in occurrence of adverse events, compliance [50], and patient-reported outcomes [50];



Difference in the relative abundance of bacterial taxa in subgingival microbiota (alpha and beta diversity, Bray–Curtis distance and UniFrac).



Levels of 20 cytokines and inflammatory mediators in saliva at 3 and 6 months after therapy.




2.8. Monitoring of Compliance Patient-Related Outcomes and Adverse Events (3 and/or 6 Months)


The daily intake of the lozenges will be encouraged by the orthodontist at the patient’s regular appointments approximately once every 4–6 weeks. Patients will be asked to return empty packages and unused lozenges to the investigator at the end of the 3-month treatment period to enable compliance to be monitored. In addition, patients will complete a weekly record of missed treatments in a diary. At 3 months, participants will complete a questionnaire to report their subjective evaluation of lozenges (taste/pleasantness, feeling of “clean teeth”) and the occurrence of any adverse effects [51]. In addition, the presence of any potential side effects in the oral cavity (e.g., lesions of the oral mucosa) will be assessed at the 3 and 6 month visits.




2.9. Clinical Examination (Baseline, 3 and 6 Months)


Two calibrated examiners (KA, MD) will perform the clinical assessment blinded to the patient’s allocation at baseline, 3, and 6 months as well as the biofilm, saliva and GCF samples at baseline and 3 months. As much as possible, follow-up visits (3 and 6 months) will be planned together with periodic orthodontic treatment check-ups to minimize the burden of the study on the participants and to reduce the risk of loss to follow-up. The following periodontal parameters will be evaluated: Löe and Silness gingival index [46], bleeding on probing score (BOP) using a North Carolina periodontal probe (Hu-Friedy, Chicago, IL, USA) [48], Visible plaque (O’leary index) [49].




2.10. Microbiological Monitoring (Baseline, 3 and 6 Months)


Samples of supra gingival biofilm will be collected on the vestibular, occlusal, and lingual surfaces of the tooth with a sterile swab. Subgingival biofilm will be collected (4 sites per patient) on selected sites located on non-contiguous teeth (preferably 1 site per quadrants) at baseline, 3 and 6 months. after removal of the supragingival plaque. The subgingival samples will be collected using sterile paper points (Henry Schein, France) inserted into the most apical part of the sulcus for 30 s. All the samples (supra gingival dental plaque collected on tooth surface using a sterile swab, and sub gingival plaque collected using sterile paper points inserted in the sulcus) will be immediately placed in separate Eppendorf tubes and kept at −80 °C until analysis. Oral microbiota composition will be evaluated as described in a previous paper [52]. Microbiological analysis will be performed at Inserm U1241 NuMeCan (Nutrition Metabolisms and Cancer), University of Rennes. Briefly, taxonomy at the genus level will be assigned using the “Visualization and Analysis of Microbial Population Structures” (VAMPS) analysis pipeline web tool. Default parameters will be used for assignment at the genus level with the “Ribosomal Database Project” classification. Alpha rarefaction and diversity will be evaluated using the Observed Species metric (Sobs) and the Shannon–Weaver index. Beta diversity will be calculated using Bray–Curtis and UniFrac distances.




2.11. Salivary Biomarkers Monitoring (Baseline, 3 and 6 Months)


Saliva samples will be taken from each patient using a cotton swab (Salivette®, Sarstedt, Marnay, France) according to the manufacturer’s instructions. The patients will be instructed to use the device to collect their saliva on the morning of the day of the visit before eating, drinking, or any oral hygiene procedure. Briefly, the swab should be kept in the mouth without touching it for 2–3 min until it is soaked and then replaced in its tube and returned to the department during the day with temporary storage in the refrigerator. Once received, the tube will be immediately centrifuged at 1000× g for 1 min and frozen at −80 °C until analysis. An immunology multiplex assay will be used to detect the level of selected cytokines and inflammatory mediators including IL-1β, TNF-α, IL-6, IL-8, IL-10 from the saliva samples using the ProcartaPlex Human Inflammation Panel (20 Plex) (eBioscience) according to manufacturer’s instructions [53].




2.12. Randomization et Data Management


Randomization will be performed using a randomization table generated by the software SAS (SAS Institute, Cary, NC, USA) in a balanced parallel design (1:1) using variable block sizes. This table will be implemented directly in an electronic case report form. A file describing the random procedure is confidentially classified at the Clinical Research Department (DRICI) in the University Hospital of Lille.



The individual data collected during the study will be reported on a source document and then recorded in a computer database via Clinsight® software certified for data management in clinical trials according to the recommendations of the FDA (Food and Drug Administration). All data will be stored on a secured server. Before locking the database, the data will be monitored according to the coherence criteria agreed upon with the investigator. The data will be processed in accordance with the MR 001 reference methodology described by the CNIL (French data protection authority). Access to the data will be restricted to persons directly involved in the study. Data may only be modified by an investigator participating in the study or a staff member participating in the study. The data will be stored for a period of at least 15 years from the end of the research.




2.13. Statistical Analysis


All statistical analyses will be performed in an independent and blind way to the allocated group, using SAS software (SAS Institute, Cary, NC, USA). The level of significance will be set at 5%. The data will be evaluated using intention-to-treat analysis with the last observation carried forward. To ensure comparability between groups, the characteristics of the patients at inclusion will be described for each of the two study groups. Quantitative variables will be described by the mean and standard deviation in case of normality of the distribution, or by the median and interquartile range otherwise. The normality of the distributions will be confirmed by the Shapiro–Wilk test. The qualitative variables will be described by the numbers and percentages of each variable.



The variation of the gingival index (difference between baseline and 6-month measurement) will be estimated and compared between the two groups using a constrained longitudinal data analysis (cLDA) model as proposed by Liang and Zeger [54]. In this mixed linear model, the initial and post-treatment values will be coded as dependent variables, with a restriction on a value common to both groups at inclusion in order to control for the change between groups with respect to the baseline value and to take into account all available measures [55]. The mean change at 6 months between the groups (adjusted on baseline values) will be estimated by the time x group interaction term. In case of deviation from normality, the difference between the baseline and 6 month measures will be calculated and compared between groups using a non-parametric analysis of covariance adjusted on the baseline measure [56,57]. The variation between baseline and 3–6 months for BOP, plaque score, alpha/beta diversity index and levels of inflammatory mediators will be analyzed by the cLDA method described above for the primary outcome. A stepwise logistic regression analysis will be performed to investigate the impact of predictor variables on the clinical endpoint for treatment (e.g., BOP < 10%, GI ≤ 1). Descriptive analyses will be performed for the number of adverse effects, compliance and patient related outcomes.



The similarity of microbiota according to different clinical conditions will be analyzed using the Bray–Curtis and UniFrac distances. Taxonomic profiles will be analyzed using weighted linear discriminant analysis (LEfSe) and taxa will be used to generate correlation matrices (calculated using 4 similarity measures, namely Spearman and Pearson correlations and non-parametric Bray–Curtis and Kull–Black–Leibler distances) with the observed clinical outcomes [58].



Missing data on the primary outcome (irrespective of the reason for missing data) will be imputed under the “missing at random” (MAR) assumption using the chained equations method with 10 imputations. The variables used for the imputation model will be patient characteristics at randomization and treatment group. Quantitative variables will be imputed by the predictive mean matching method and qualitative variables by logistic regression models (binary, ordinal, or multinomial depending on the number and order of the modalities). Rubin’s rules will be used to combine the estimates obtained in each table of imputed data [59].





3. Discussion


As the health and expectations of the population are improving, orthodontic treatment needs are increasing. The prevalence of malocclusions in children and adolescents varies between populations but remains high overall, estimated to range from 39 to 93% [60]. According to a previous survey in the UK, approximately one-third of children would benefit from orthodontic treatment [61,62]. Similar results have been reported in other European countries [63,64,65]. Maintaining a high standard of oral hygiene during orthodontic treatment is one of the most challenging aspects of clinical orthodontics [66]. Indeed, patients undergoing orthodontic treatments with fixed appliances typically have a higher accumulation of biofilm which exposes them to a higher risk of caries and gingivitis that can impair the course and outcome of treatment [5].



The use of probiotic microorganisms in the management of periodontal disease is a promising approach and a rapidly evolving field. A recent comprehensive review identified 36 RCTs published between 2009 and 2021 addressing this issue, with slightly under 50% focusing on the management of gingivitis [67]. Overall, the administration of probiotics, either as an adjunct to mechanical plaque control or as a single intervention, has yielded heterogeneous results. Some studies have shown a benefit of probiotic consumption in reducing the level of gingival inflammation and the amount of plaque [68,69], while others have failed to demonstrate any additional clinical benefit [70,71,72]. However, it is worth mentioning that the potential effect of probiotics seems to be more substantial among patients who cannot undergo strict mechanical plaque control or who concomitantly present an altered systemic inflammatory response. In patients with strict plaque control, the additional benefit of probiotics, if any, would be very limited and difficult to detect clinically [36,37,73]. From this point of view, the study population is clearly relevant. Adolescents with fixed orthodontic appliance present a higher risk of gingival inflammation due to the combined effect of the lack of access to oral hygiene related to orthodontic appliances, but also due to the elevation of sex steroid hormones that can generate an increased inflammatory response to plaque accumulation [74].



Some methodological choices were made for this study that should allow the provision of robust data and overcome the limitations of the few available studies on the benefit of probiotics during orthodontic treatment [38]. First, the administration of probiotics over a period of 3 months will allow sufficient time for colonization of the oral cavity by the probiotics and thus increase the chances of detecting a potential effect. Indeed, it has been observed that the effect of probiotics on the composition of the oral microbiota would not be detectable before 6 weeks of administration [33]. This could explain why previous studies have failed to demonstrate short-term efficacy of probiotics compared to placebo [42,75]. The planned microbiological analyses will verify whether the clinical outcomes are correlated with a bacterial shift. Secondly, the total duration of the study is 6 months, i.e., 3 months after the completion of the probiotics administration to allow us to evaluate the existence of any remaining effect of the probiotics after their discontinuation. Given that orthodontic treatments can last 20 months on average [76], patient compliance with daily intake of probiotic lozenges for the entire duration of the treatment is unrealistic. Third, it should be noted that at the beginning of the study, participants will benefit from a professional prophylaxis session since all orthodontic patients are expected to practice daily home oral hygiene as a standard of care. However, no further professional tooth cleaning or oral hygiene instruction will be provided during the study period to interfere as little as possible with the usual mechanical plaque control of the participants. Finally, the focus on a specific age group and a single type of probiotic could be considered a limitation to the extent to which the study results can be extrapolated. However, it should be kept in mind that children and young patients represent the vast majority of patients treated in orthodontics. Furthermore, Lactobacillus reuteri strains (DSM17938; ATCC PTA 5289) are well characterized in vitro and are the most frequently evaluated probiotic bacteria in oral clinical trials [13,67].



In conclusion, this study is expected to provide some reliable evidence regarding the effects of probiotics on gingival inflammation in patients undergoing treatment with fixed orthodontic appliances. This study should also provide new insight to better prevent periodontal disease and optimize orthodontic therapy.




4. Trial Status


This is the 1.1 version of the protocol dated 15 January 2021. Recruitment should start on January 2022, and we anticipate recruitment will end on January 2023.
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Figure 1. Experimental design of the study. Clin, clinical assessment; microb, microbiological assessment; biol, biological assessment; PROMS, patient-reported outcomes measures; hyg, hygiene; orthod, orthodontic. 
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Table 1. Schedule of volunteers’ enrolment, interventions, and assessments according to the SPIRIT statement.
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Enrolment

	
Allocation

	
Post-Allocation




	
TIMEPOINT

	
T-1

	
Intervention (T0)

	
3 Month Follow-Up (T1)

	
6 Month Follow-Up (T2)






	
ENROLMENT:

	

	

	

	

	




	
Elligibility screen

	
X

	

	

	

	




	
Informed consent

	
X

	

	

	

	




	
Medical/dental history

	
X

	

	

	

	




	
Allocation

	

	
X

	

	

	




	
INTERVENTIONS:

	

	

	

	

	




	
Orthodontic appliances

	

	

	
X

	

	




	
Prophylaxis session

	

	

	
X

	

	




	
Probiotic/placebo delivery

	

	

	
X

	

	




	
ASSESSMENTS:

	

	

	

	

	




	
Clinical

	

	
X

	

	
X

	
X




	
Microbiological

	

	
X

	

	
X

	
X




	
Biological

	

	
X

	

	
X

	
X




	
PROMS 1

	

	

	

	
X

	




	
Compliance

	

	

	

	
X

	








1 Patient-reported outcomes measures.
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