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INTRODUCTION
Periodontal disease initiation and propagation is through a dysbiosis of the commensal oral microbiota (dental plaque), which then interacts with the immune defences of the host, leading to inflammation and disease (Tonetti et al., 2018).
Periodontitis (PE) can be successfully controlled with scaling and root planing (SRP) by non-surgical mechanical therapy or surgical procedures accompanied by adequate plaque control and periodontal maintenance therapy (PMT) (Armitage & Xenoudi, 2016 ). Thus, several studies have emphasized the benefits of PMT in preserving the homeostasis of periodontal tissues obtained after active periodontal therapy (APT) (Armitage & Xenoud, 2016, Martinez-Canut et al. 2017, Manresa et al, 2018). 
To overcome the limitations of SRP and to reduce the bacterial load, antimicrobial photodynamic therapy (aPDT) is a photochemical reaction used to cause selective destruction of a tissue and has been proposed as adjunctive to periodontal treatment. aPDT has a light-activated photosensitizer that transfers energy from light to molecular oxygen, generating reactive oxygen species (ROS), which are toxic to bacteria (Carvalho et al., 2015, Mistry et al., 2016). 
Thus, aPDT has been suggested as an alternative to eliminate subgingival microbial species and to promote more effective disinfection of the root surfaces (Monzavi et al., 2016). However, clinical studies with different aPDT protocols (Giannelli et al., 2015; Carvalho et al., 2015, Monzavi et al., 2016; Segarra- Vidal et al., 2017; Sethi & Raut 2019; Katsikanis et al., 2020; Mallinneni et al., 2020; Sukumar et al., 2020; Wadhwa et al., 2021) and systematic reviews (Mills et al., 2018; Shiau, 2019; Franco et al., 2019, Moro et al., 2020), have demonstrated conflicting results on the impact of photodynamic therapy on conventional periodontal treatment.
Moro et al. (2020) and Bashir et al., (2021) in a recent recent systematic reviews and meta-analysis demonstrated that while overall analysis indicates that aPDT partially improves periodontal treatment, many clinical protocols was described in the literature. Howeover, a favorable effect of indocyanine green (ICG) activated aPDT was observed.
 Thus, ICG is a recent promising photosensitizer (Sethi & Raut 2019, Sukumar et al., 2020; Bashir et al., 2021) which has high absorption at a wavelength of 800–805 nm, it exhibits a 20% photodynamic effect and the main action is through photothermal effect, which induce cell damage by increasing intracellular temperature (Monzavi et al., 2016) and presented a great reduction of planktonic bactéria and biofilm of Porphyromonas gingivalis (Nagahara et al. 2013).
This process is caused by oral anaerobic and facultative microorganisms that release primarily proteolytic enzymes with high virulence, the lipopolysaccharide (LPS) of gram-negative bacteria results in the induced expression of pro-inflammatory agents such as interleukin (IL) -1, IL-1β, IL-6, tumor necrosis factor (TNF-α), prostaglandins, and matrix metalloproteinases (MMPs) that xmay contribute to trigger the destruction of periodontal tissues (Ramadan et al., 2020). 
A novel acute-phase protein, YKL-40, is known as an inflammation-associated glycoprotein. YKL-40 is shown to be linked to inflammation, endothelial dysfunction and tissue remodeling secreted by various cells and is also considered to be stimulated by cytokines such as IL-6 (Keles Yucel et al., 2020). There are only a few studies investigating the relationship between YKL-40 and periodontal disease, and they indicated an association between YKL-40 levels and periodontal diseases in gingival crevicular fluid (Keles et al., 2014; Prakasam et al. 2014; Kido et al. 2015; Damodar et al. 2018; Keles Yucel et al., 2020). Therefore, YKL-40, known not to be a disease specific molecule, seems to be a potential mediator in inflammatory diseases (Keles Yucel et al. 2020).
Additionaly, prospective PMT study has demonstrated the adjuvant effect of aPDT on periodontal condition in individuals under PMT with conflicting results (Chondros et al., 2009; Lulic et al., 2009; Slot et al., 2012; Kolbe et al., 2014; Müller Campanile et al., 2015; Goh et al., 2021; Cosgarea et al., 2021), particularly, with microbiological and immunological analyzes.
In this scenario, it was hypothesized that ICG activated aPDT as an adjunct to non-surgical periodontal therapy may be capable of providing greater reductions in bleeding on probing (BOP), probing depth (PD) and clinical attachment levels (CAL) gain in residual periodontal pockets and better microbiological and immunological parameters in individuals in PMT. 
Therefore, the aim of the this study it will be to test whether the use of ICG-activated aPDT in sites with PD ≥5 mm during a PMT as an adjunct to hand and ultrasonic instruments would result in greater clinical, microbilogical and immunological improvement than obtained with SRP alone.

MATERIALS AND METHODS  
Study Design and Sampling Strategy
This study it is a randomized and controlled 90-day clinical trial using a split-mouth design. The study was approved by the local ethical committee (protocol #060/05- ANNEXE A) and informed consent was obtained from all patients (ANNEXE B). This study is reported in accordance with the Consolidated Standards of Reporting Trials (CONSORT). Available at: http://www.consort-statement.org.
Participants of the present study will be selected from an open cohort study of the individuals under a PMT program, who were monitored in a private dental clinic in Belo Horizonte city, Brazil over 12 years of consecutive recall visits (from August 2005 to March 2021). Before entering the PMT program, participants had the following characteristics: (a) diagnosis of moderate or advanced PE, Stage II or III [Tonetti et al., 2018; (excluding any possibility of aggressive PE cases)] with good general health; (b) completed in compliance active periodontal therapy [(APT) comprised of non-surgical and/or surgical procedures] and (c) at least 14 natural teeth.
From of open cohort, a subsample of 80 individuals in the PMT program with re-calls scheduled between January to June 2021 will be contacted by phone to participate in this study. After voluntary accepting, 56 individuals, they underwent a consultation with evaluation of periodontal clinical parameters.Thus, 24 individuals became eligible due to the following specific inclusion criteria [based in Sukumar et al., (2020) and Wadhwa et al., (2021)] : (1) at least one appointment for PMT in the 12-month interval; (2) bilateral presence of ≥2 interproximal sites with a PD ≥5 mm; CAL ≥ 4mm and presence of BOP (not same tooth); (3) non diabetics; (4) non-smoking and (5) no antibiotic use for any purpose within 3 months prior to entering the study.
The sample size was calculated considering that a mean difference of 1.0 mm in PD change between test and control groups (one-tailed) would be clinically relevant. Using a power of 90%, a level of signiﬁcance of 5% and considering a standard deviation of 1.5 mm in PD (Katsikanis et al., 2020), 24 subjects per group would be necessary. 

Data Collection
The following periodontal clinical parameters will be assessed at the start of the study (baseline -T1) and 90 days after interventions (T2): plaque index [(PI), Turesky et al., 1970), PD, CAL, and BOP will be recorded for all present teeth at 6 periodontal sites (mesio–buccal, buccal, disto–buccal, mesio–lingual, lingual and disto–lingual) with a manual periodontal probe (PCPUNC15BR and PQ2NBR, Hu-Friedy®, Chicago, USA.). Specifically, oral hygiene of each sextant was determined by means of plaque index using disclosing agents. The Quigley & Hein index plaque modified by Turesky et al. (1970) was used for this purpose and also included the evaluation of interproximal sites. 
Clinical procedures
After being eligible to enter the study, individuals (n=24) will be re-called and performed the following procedures:
General:
1) interviews where demographic, biological and behavioral variables of interest will be collected and confirmed through patient questionnaires, paying particular attention to those variables likely to change over time (frequency of tooth brushing and dental floss/daily, sex, age, co-habitation status, family income, educational level, non-smoking [Tomar and Asma, 2000].; 2) periodontal assessment through the evaluation of all clinical parameters; 3) application of disclosing agents and oral hygiene instructions through manual tooth brushing/dental flosser, 4) coronal prophylaxis and fluoride application; 4) microbiological and immunological collets (described bellow).
Specifics:
All teeth with sites with PD ≥ 5mm will be anesthetized and subjected to supra and subgingival mechanical debridement using a ultrasound device (Profi Neo, ~3000 Hertz, Dabi Atlante, Brazil) and Gracey and McCall manual curettes (Hu-Friedy, Chicago, IL, USA). After this procedure, two with sites with PD ≥ 5mm will be drawn by a dental hygienist and subjected to an additional treatment with the aPDT laser (test sites) was performed in two steps as described by Wadhwa et al. (2021): 
Step 1. The dye preparation and application - A 5 ml solution was prepared by dissolving 1.25 mg of the ICG powder (Ophthalmos, Routho Pharmaceutical Groups, Brazil) in 5 ml of phosphate bufferedsaline (PBS) to result in afinal concentration of 250μg/ml.Thereafter, a disposable 26-gauge tuberculin syringe (with a siderelease cannula) was loaded with the finished solution and made ready for use in the patient. This solution was made to fill the pockets in the experimental sites by running the tip of the needle in an apical to coronal direction to avoid entrapment of bubbles and to not just completely fill the pockets but also to coat the root surface with thedye. The photosensitizer dye was made to stay in the pocket for 10 mfor complete uptake of the dye to take place and any extra solutionwas rinsed off.
Step 2. Laser application - During laser application, both the operator and the patient will be made to wear protective eyewear as per the OSHA laser safety guidelines. An 808 nm wavelenght Gallium Aluminium Arsenide diode laser (Laser Hand – MM Optics, São Carlos, Brazil) was used for illumination and activation of the dye in the pockets. The laser tip was moved in a circumferential manner in the experimental pockets around the tooth to target thef ollowing sites–mesio-, mid- and disto-facial/buccal and lingual/palatal of single rooted teeth and additional bifurcation and trifurcation areas in case of molars. The laser was used in a contact mode and a continuous wave motion for 5 s/site, at 0.5 W power. Oral hygiene instructions will be repeated after 15 days for all individuals and in the test sites a new application of aPDT was performed.
No antibiotics or anti-inflammatory agents will be prescribed after periodontal treatment. 
PISA assessement
Additionally, PE severity and activity will be measured using the periodontal inflamed surface area (PISA) (Nesse et al., 2008) at T1 and T2. PISA reflects the surface area of bleeding pocket epithelium in mm2. PISA was calculated with a Microsoft Excel spreadsheet in the following steps: (a) Mean CAL and REC for each particular tooth is calculated; (b) Linear mean CAL and REC is translated into the periodontal epithelial surface area (PESA) for each specific tooth [30]. The PESA for a particular tooth consists of the root surface area of that tooth measured in mm2, which is covered with pocket epithelium; (c) The PESA for a specific tooth is then multiplied by the proportion of sites around the tooth that was affected by BOP, resulting in the PISA for that particular tooth; and (d) The sum of all individual PISAs around individual tooth is ca22lculated, rendering the full- mouth PISA value in mm2 of each participant.
Microbiological analysis
As described in our previous study (Cortelli et al., 2015), subgingival plaque samples will be collected. Supragingival dental plaque was removed using a sterile curette, and a sterile paper point (fine, Johnson and Johnson, New Brunswick, NJ, USA) was inserted into the sites with PD ≥5 mm and kept there for 10 seconds in T1 at T2. Then, paper point was placed in a vial containing 1.0 ml of phosphate-buffered saline (pH7.4), inserted in a minitube and kept on ice. To obtain bacterial dispersion, a vortex mixer at maximum speed was used for 1 min and stored in a freezer at -80°C until further analyses.
Following the manufacturer’s specifications, the genomic DNA (gDNA) was extracted and purified using a commercial Genomic DNA Mini Kit (Life Technologies, Carlsbad, CA, USA).The total microbial count of Tannerella forsythia, Porphyromonas gingivalis, Treponema denticola , and Aggregatibacter actinomycetemcomitans was performed by quantitative real-time polymerase chain reaction (qPCR) using a set of TaqMan (Life Technology, Carlsbad, CA, USA) primers/probes in Real-Time PCR System, following manufacturer’s instructions. The qPCR conditions will be: 50o C for 2 min2222, 95o C for 10 min, 40 cycles of 95o C for 15 s, and 60o C for 1 min. Figure 2 lists the primers and probes used in the study.
Immunological procedures
The gingival fluid samples will be collected from the same periodontal sites with PD ≥ 5mm after washing (for disposal of blood traces) and ranged from 60 to 90 seconds after collecting microbiological agents. Relative isolation strips of absorbent paper Periopaper PerioCol Collection Strip Oralflow, Amityville, NY, USA) will be introduced into the sites, and then the volume of gingival fluid (µl) will be calculated (8000 Periotron, IDE Interstate, Amityville, NY, USA..  After quantification, a pool of paper strips was made, which was placed in a dry mini tube and frozen at - 80ºC (Lages et al., 2015).
Dosage of IL-6, IL-1β, TNF-α, MMP-2, MMP-9 and YKL-40 in Gingival Fluid
The tubes will be defrosted, mechanically agitated for 30 seconds in PBS along with cocktail protease inhibitor PMSF (Sigma R, São Paulo, Brazil), and centrifuged (10 min. 6.000rpm / 4°C). Subsequently, measurements of IL-6, IL-1β, TNF-α, MMP-2, MMP-9 and YKL-40 will be taken by enzyme immunoassay capture (ELISA) using commercial kits (R & D Systems Inc., Minneapolis, Minnesota, USA.) according to manufacturer's instructions. Quantification was performed by plotting the results for the absorbance of each sample with a calibration curve prepared from known concentrations of the respective antigens. The entire experiment was performed in duplicate. Biomarkers concentrations will be expressed in pg/ml according to the manufacturer’s specifications at the collection times (T1 and T2).
Statiscal analysis
The percentage of pockets with a depth of 5 mm will be listed. Statistical testing for normality with respect to the distribution of the outcome of clinical parameters will be performed using the Kolmogorov–Smirnov test. Parametric and non-parametric tests (Chi-squared, Wilcoxon and Friedman tests) will be performed where appropriate. All analyses will be performed using statistical software SPSS (SPSS 17.0 – Statistical Package for Social Sciences, Version for Windows - SPSS Inc., Chicago, IL).
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Figure 1. Flowchart of sampling strategy and study evaluation times (CONSORT).
ANNEXE A
[image: ]



ANNEXE B
Termo de Consentimento Livre e Esclarecido

Este termo de consentimento pode conter palavras que você não entenda. Peça ao pesquisador que explique as palavras ou informações que você não tenha entendido completamente. Você está sendo convidado(a) a participar da pesquisa denominada: “Monitoramento dos parâmetros clínicos periodontais de pacientes sob Terapia Periodontal de Suporte: um estudo prospectivo e efeito clinico, microbiológico e imunológico adjuntivo da terapia fotodinâmica usando diodo laser ativado por indovianina verde em bolsas periodontais residuais em terapia periodontal de manutenção: ensaio clinico controlado de boca dividida a ser executada pelo Professor Fernando de Oliveira Costa, da Faculdade de Odontologia da UFMG, em Belo Horizonte. Esta pesquisa tem como objetivos avaliar o estado de saúde da sua gengiva e acompanhá-lo(a) através de um programa preventivo por um período aberto (coorte) uma vez que os benefícios desta terapia para indivíduos tratados por doença gengival devem perdurar ´por toda a vida. A sua participação constará em:
• Responder perguntas a respeito de sua condição de saúde, hábitos, moradia e
verificar o nível de instrução e posse da sua família.
• Participar de um programa de prevenção da doença das suas gengivas,
comparecendo a Faculdade de Odontologia da UFMG de 6 em 6 meses para ser examinado e submetido a limpeza dentária (raspagem, alisamento, polimento e aplicação de flúor nos dentes) e orientação de escovação
por profissionais qualificados. Os procedimentos de raspagens são realizados com instrumentos periodontais manuais e ultrassônicos esterelizados introduzidos entre o dente e a gengiva para remoção dos tártaros. Para realizar este procedimento, quando necessário e para evitar dor, você deverá ser anestesiado. O polimento dos dentes será feito com pastas profiláticas e taças de borrachas ou escovinhas que são acionadas através de um motor de baixa rotação. Em adição, para buscar melhores resultados poderá ser usado também laserterapia com corantes, que não apresentam efeitos nocivos. Coletas não invasivas de fluido gengival com cones absorventes e saliva em tubos plásticos. A aplicação de flúor neutro será realizada com moldeiras descartáveis sobre os dentes e tem como objetivo diminuir a sensibilidade do dente que pode surgir como resultado do tratamento. Será observado o seu grau de cooperação em relação a sua higiene bucal e seu comparecimento nas rechamadas para tratamento.
• Ser examinado(a) pela pesquisadora para avaliar o resultado do tratamento
periodontal já executado anteriormente nesta Faculdade de Odontologia, através da sondagem periodontal que é o procedimento de se colocar uma sonda periodontal já esterelizada no espaço que fica entre a gengiva e o dente, chamado sulco gengival ou bolsa periodontal. Serão avaliados o estado de higiene bucal, presença ou ausência de inflamação na gengiva, bolsas periodontais e retrações gengivais. Há a possibilidade de ocorrer durante a sondagem no exame periodontal um pequeno sangramento e uma ligeira sensibilidade nas raízes dos dentes, após os procedimentos de raspagem para remoção dos tártaros. As informações, orientações e tratamento que você irá receber em relação a manutenção da saúde de suas gengivas serão importantes para evitar a perda de seus dentes no futuro. As consultas, os exames e os procedimentos relacionados ao estudo serão inteiramente gratuitos e você não receberá nenhum pagamento pela sua participação. A sua participação neste estudo é completamente voluntária e você tem o direito de não aceitar ou desistir do mesmo a qualquer momento, sem prejuízo ou perdas de benefícios a que tenha direito. As informações obtidas da coleta dos seus dados são confidenciais. É importante que você se disponha a comunicar eventuais mudanças de endereço. Você não sofrerá nenhuma discriminação na assistência odontológica nesta Faculdade, caso você esteja sendo atendido(a) em outra clínica e não concorde em participar da pesquisa. Você também poderá ser desligado(a) do estudo a qualquer momento, sem o seu consentimento, nas seguintes situações: caso você não siga as orientações e tratamento realizados no estudo ou caso o estudo seja suspenso ou concluído. Você poderá fazer perguntas a qualquer momento do estudo e obter explicações
com a Dr. Prof. Fernando de Oliveira Costa nos telefones 3499-2422/ 328424-66/ 999540657. Em caso de dúvidas em relação aos seus direitos como participante desta pequisa, você poderá ligar para o Comitê de Ética em Pesquisa da UFMG, através do número 3499-4592.
Declaro que tive tempo de ler as informações contidas neste documento antes de assiná-lo e declaro que fui informado(a) sobre os métodos do estudo, as inconveniências, riscos, benefícios e eventos adversos que podem vir a ocorrer em conseqüência dos procedimentos. Autorizo a realização de exame clínico odontológico não invasivo, segundo critérios convencionais e universais de biossegurança. Declaro também que toda a linguagem técnica utilizada na descrição deste estudo de pesquisa foi satisfatoriamente explicada e que recebi respostas para todas as minhas dúvidas. Confirmo também que recebi uma cópia deste formulário de consentimento. Compreendo que sou livre para me retirar do estudo em qualquer momento, sem perda de
benefícios ou qualquer outra penalidade.
Dou meu consentimento de livre e espontânea vontade para participar como paciente neste estudo.

_______________________________________________________________Nome do(a) participante (letra de forma)

___________________________________________ __________________
Assinatura do(a) participante ou representante legal Data


Atesto que expliquei cuidadosamente a natureza e o objetivo deste estudo, os
possíveis riscos e benefícios da participação no mesmo, junto ao (à) participante e/ ou representante legal. Acredito que forneci todas as informações necessárias, em linguagem adequada e compreensível.

___________________________________________ __________________
Assinatura do pesquisador                                        Data
_______________________________________________________________
Fernando de Oliveira Costa

Av. Antônio Carlos, 6627. UFMG - Campus da Pampulha.
CEP 31015 -430. BH - MG. Belo Horizonte – MG.
Tels: (31)34992422 (31)32842466 (031) 999540657

Comitê de Ética em Pesquisa
COEP – UFMG Av. Antônio Carlos, 6627.
Prédio da Reitoria - 7º andar. Sala 7018.
CEP 30130-100. BH - MG. Tel: (31) 3499-4592. www:ufmg.br/coep/coep. e-mail: coep@reitoria.ufmg.
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