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RESUMO

Objetivos: O objetivo deste estudo de coorte prospectivo aoampanhamentomédio de 3
anos foi avaliar a taxa de sobrevivéncia de imp@miveis de perda 6ssea marginal (MBL) e
complicagfes clinicas usando uma técnica minimanmimasiva para instalacdo e funcéo
imediatosepilar personalizado definitivo (OAOT)eiitartio na zona estéticaViétodos:
Cinquenta e dois individuos (38 mulheres, 14 hojnewsn idade média de 58 anos
receberam uma proétese unitaria definitiva em mgeli@ meses apds o procedimento cirdrgico
seguido de reconstrucdo com enxerto de matriz dseema inorganica. Cada paciente
recebeu uma coroa temporaria comabutmentefinitivo personalizado colocado no mesmo
dia da cirurgia ndo sendo removido durante todos poscedimentos restauradores
subsequentes. Os pacientes foram examinados afieida para identificacdo de
complicagbes mecénicas e biolégicas durante os @atmamentos e radiografias periapicais
foram utilizadas para as medidas de MBL aos 6 méd2esieses e em uma avaliacéo final de
acompanhamento que variou de 12 a 100 meses (mé8&H34 meses). Os dados foram
analisados com teste t de Student e analise d@neai(ANOVA) com nivel de significancia
de a = 0,05.Resultados:Dois implantes e uma coroa definitiva foram pesdidresultando
em uma taxa de sobrevivéncia dos implantes de 96,28%a de sobrevivéncia das préteses
definitivas de 98%. A MBL média nas faces mesidistal foi de 0,19 + 0,35 mm e 0,25 *
0,47 mm, respectivamente, apds ufollow-upde 3 anos. Nao houve diferencas
estatisticamente significantes entre os niveis & e 6 e 12 meses nos aspectos mesial e
distal em relacdo ao acompanhamento final (p =20e8@ = 0,958, respectivamente). Apenas
8% dos implantes apresentaram MBL> 1mm e 65,6% idgdantes sem perda éssea
marginal apresentaram contato osso/pilar protétaificado radiograficamente. A
complicacdo mais frequente foi falha na cimentagdoestauracdo temporaria com 30
ocorréncias.Conclusdes: Este estudo descreve um procedimento cirdrgiceigivel de
estagio unico que oferece estética imediata e &xddg morbidade combinada a resultados de

remodelagcdo dssea altamente estaveis na zonaanteri

Palavras-chave:implantes 6sseos, substitutos 6sseos, regeneéss@a, protese dentaria,

técnicas cirargicas, biomateriais.



ABSTRACT

Objectives:The purpose of this 3-year cohort prospective stwdg to assess the implant
survival rate, marginal bone loss (MBL) and clinicamplications using a minimally
invasive technique for immediate implant placemamd restoration and thene abutment-
one time(OAQT) protocol in the aesthetic zordaterial and methods: Fifty-two subjects
(38 females, 14 males) with a mean age of 58 yearived a single-tooth implant definitive
prosthesis between both maxillary canines seventhmaafter immediate implant placement
and restoration, followed by a reconstructive bgrefft with DBBM patrticles. Each patient
received a temporary crown with a customized difimiabutment placed on the same day of
surgery that was not removed throughout the sulesgqastorative procedures. Patients were
clinically screened for mechanical and biologicamplications during the follow-ups and
periapical radiographs were used forMBL measureman® months, 12 months and at a final
follow-up assessment that ranged from 12 to 100thsofmean = 36.34 months). Data were
analyzed with Student’s t test and analysis ofarane (ANOVA) at the significance level of
a = 0.05.Results: Two implants and one definitive crown were logtdocumulative implant
survival rate of 96.2% and definitive crown suntivate of 98%. The mean MBL at the
mesial and distal aspects were 0.19 = 0.35 mm a2l £0.47 mm, respectively, after a 3-
year follow up. There were no statistically sigcefint differences between the 6-month and
12-month MBL at both mesial and distal aspects arexb to the final follow-up (p = 0.832
and p = 0.958, respectively). Only 8% of the impdashowed MBL > 1mm and 65.6% of
implants with no marginal bone loss presented Ipyosthetic abutment contact
radiographically.The most frequent complication wesporary crown loosening with 30
occurrencesConclusions: This study describes a predictable one-stage calrgrocedure
that offers immediate aesthetics and reduced mityb@bmbined to highly stable bone

remodeling results in the anterior zone.

Key-Words: dental implants, bone substitutes, bone regaperaprosthodontics,surgical
techniques, biomaterials.
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1. INTRODUCAO

A atual busca pela estética em reabilitacbes armslificou a forma com que
abordamos os pacientes com indicacdo de extrag&tadacdo de implantes osseointegrados
na regido anterosuperior. A instalacdo imediatdmj#antes € uma técnica consolidada na
literatura e tem mostrado previsibilidade similas @asos de instalagdo em 0sso cicatrizado,
3ndo havendo diferenca estatisticamente signifiaaéimn termos de taxa de sobrevivéncia
quando comparados os implantes imedissustardios®®

Tarnow e colaboradores relataram que apds restauiEM implantes utilizando a
técnica convencional, houve migracdo do tecido dske 1,4 — 2,0mm a partir da unido
implante-pilar dentro do primeiro ano de funcadjasindo implantes de hexagono extefrio.
Atieh e colaboradores relatam que a média de regismos anos seguintes esta na casa dos
0,2mm, porém a literatura ainda néo estabelececamsenso. Em uma revisao sistematica da
literatura realizada com estudos em humanos, prasds grupo controle e com um total de
1.239 implantes mostrou perda 0ssea marginal ggtifamente menor em implantes com
mudanca de plataforma, além de tecido duro subatarente mais estavel.
Comparativamente, Hurzeler e colaboradores refatanana diferengca de — 0,12mm =+
0,40mm para os implantes com mudanca de platafeonga — 0,29mm + 0,34mm
0.0001)! A razdo para essa reducdo na perda de quanticesdm dnarginal pode estar
relacionada ao posicionamento mais apical da jungdmanteabutment afastando o
infiltrado inflamatorio da crista alveol&?P:*° Além disso, a diferenca entre os diametros do
pilar protético e da plataforma do implante reduzoacentracdo de stress 0sseo na regido
cervical, reduzindo a sua migragdo no sentido Aapiéalicionalmente, Canullo e
colaboradores relatam que implantes restauradosocoamceito de mudanca de plataforma
apresentaram uma reducdo significativa nos niveipeitda 0ssea marginal com correlacéo
negativa entre perda 6ssea e diferenca de didmetm® implante e abutmettUma reducéo
de 0,45mm no didmetro do pilar parece ser necagsara reduzir a perda 6ssea marginal.

A interface implante-pilar € a regido mais suseti@vcontaminacdo bacteriana e a que
mais sofre com o impacto mastigatorio. Portant&mnatla diferenca de diametro, outro fator
importante que influencia na manutencdo de tecgdea periimplantar € o tipo de conexao
protética utilizada. Em reviséo sistematica dadiigra avaliando a performance de conexdes
do tipo cone morsgoram detectados baixos niveis demicro movimenimsabutment sob
forcas verticais e obliquas. Inclusive, este tipacdnexao mostrou maior resisténcia a perda

de torque e a fratura, além de menor stress sopaeafuso quando comparado com conexdes
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nao conicas. A geometria da conexédo cone morsgbdisinais homogeneamente o stress do
impacto oclusal para o implante, melhorando o seto) diminuindo a contaminacéo
bacteriana e, por consequéncia, a reabsorcéo dss@adante?

Ao trabalharmos na regido antero superior, a akkuen espessura da parede 0ssea
vestibular, presenca de papila interdental e dgudengival sdo considerados fatores chave
para atingirmos niveis de estética satisfatGridsespecialmente devido a parede éssea
vestibular dos dentes anteriores localizados nailmaeralmente apresentar-se fina ou
ausente como consequéncia deimportante reabsqué&ceatracad*A manutengdo da tabua
Ossea vestibular esta diretamente ligada ao pasitiento vestibulo-palatino desses
implantes, devendo os mesmos estarem idealmentgmaslos de 1-2mm palatinamente aos
dentes adjacentEse de4-5mm abaixo da margem gengival vestif#aans e colaboradores
relatam que o posicionamento mais vestibularizadam nivel dos dentes vizinhos mostrou
chances trés vezes maiores de perda da paredbwesste, consequentemente, perda da
arquitetura gengival quando comparado a um ideal sicpmamento
tridimensionaPAdicionalmente, uma distancia minima de 1,5mm eosreélentes adjacentes
deve ser respeitada no momento da instalacdo dantepafim de minimizar a perda da crista
alveolar e assegurar a presenca de papila intatdéat®

O bidtipo gengival é definido pela visibilidaden@) ou ndo (espesso) da sonda
periodontal milimetrada através do tecido gengigabndo a sondagem periodontal é
realizadal® Os individuos com biétipo gengival mais fino téramares chances de formacéo
de papila interdentaP maior migracdo dos tecidos moles no sentido agi®B% versus
33,3%¥ e maior recessao gengival quando comparados atiridnos com bidtipo gengival
espesso (85,7% versus 66,7%). Por outro lado, ogmas com bibtipo gengival espesso
apresentam alteracbes da mucosa vestibular sagnrenente menores pos instalacao
imediata de implantes osseointegratfoi entanto, independentemente do biétipo gengival,
o minimo deperda da parede Ossea vestibular posacégst dentaria jA representa
consequéncias importantes, tendo em vista quebaaedio ddundle bonese da como um
processo fisiologico e esperado. A literatura eelah minimo de 2mm de espessura da tabua
Ossea vestibular afim de evitar a sua reabsorgis®n contrario, algum procedimento de
enxertia deve ser utilizad®l’ Apesar deste consenso existir, clinicamente essério é
irreal, ja que estudos comprovam uma média de lmmesgessura da tdbua 0ssea vestibular
de dentes anterioré®Dessa maneira, a utilizacdo de enxertos 0sseos omenio da
instalacdo de implantesimediatos pode ser imp@tpata tirar vantagem da cicatrizacédo de

tecido mole e diminuir o risco de reabsorcdo éssstibulart®
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O processo de cicatrizagdo pds extracdo vem acuraga de uma série de eventos
bioldgicos que podem influenciar negativamente sultado final de um tratamento com
implantes na zona anteritRecessdo gengival, perda de papila interdental @iska 6ssea
marginal estdo intimamente ligad®¥ e sdo os principais fatores a serem controlados.
Dentro desse conceito, extragOes realizadas seesaldmento muco periostal apresentam
menor perda 6ssea marginal quando comparadasiéaté@omvencional® além de reduzir o
tempo de tratamento, o sangramento transopera@schances de futuro desenvolvimento
de periimplantité’Adicionalmente, o descolamento mucoperiostal cortaorte sanguineo,
reduz a quantidade de mucosa queratinadaltera a arquitetura gengival pds extracao,
aumentando os sinais inflamatdrios clinicos e Higtoos!®?%?Portanto, técnicas
minimamente invasivas ganharam notoriedade naliteaghb com implantes tendo em vista a
conservacao dos tecidos periimplantares.

Nessa linha, a instalacdo de um provisério imediatporciona o acondicionamento
dos tecidos moles através da manutencdo de uméetucgn gengival natural® através
dapreservacdo do contorno e o volume periimpl&etacom taxas de sobrevivéncia
estatisticamente semelhantes em comparacdo conantaeplrestaurados de acordo com o
protocolo de carga convencional (3-6 meses apdsgains)®Adicionalmente, estudos
comparativos mostraram que as taxas de sucessopifEntes unitarios instalados em zona
estética com fungdo tardia (97%ersus provisorio imediato (98%) s&do similare¥,
fortalecendo a ideia de que a instalacdo de umigindw imediato € uma técnica segura e
previsivel.

Grandi e colaboradores demonstraram que a instatigdilares provisorios mostrou
sinais inflamatérios mais exacerbados, maior mépagpical do epitélio juncional e maior
perda de crista 0ssea margiffalOs autores mostram que a nido remocido dos pilares
definitivos em titanio instalados no ato cirdrgresultaram em uma reducao estatisticamente
significativa dos niveis de perda éssea e, consggouente, reducdo na migragédo dos tecidos
moles no sentido apical. Essa técnica estd deswitéteratura comane abutment-one
time!®242igualmente, a forma dos pilares protéticos auxlisastabelecimento de uma
relacdo natural e harménica dos tecidos molesruiamtes, devendo os mesmos respeitarem
0s principios biomecanicos dos preparos protétions o término cervical acompanhando a
anatomia e arquitetura gengival para facilitar magdo de excessos de cimento e propiciar
um perfil de emergéncia adequ&do.

Apesarda literatura atual apresentar diversas naligas para intervencdes

minimamente invasivas na reabilitacdo de implaot@girios na zona estétied?>* ndo ha
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relatos de técnicas que unam todos 0s aspectosanados anteriormente, comocirurgia sem
retalho, reconstrucdo com substitutos 6sseosepitdefinitivos,e implante e funcéo imediatos
na regido anterior. Da mesma forma, o conoeoabutment-one timapesar do crescente
interesse nos ultimos anos, é representado natlitarquase em sua totalidade através de
pilares pré-fabricados, tanto na regido postesorana anteriot?-24-26

Portanto,o presente estudo analisa os possiveis efeitos idaagiio de pilares
personalizados definitivos na regido estética paraabilitacdo de implantes unitarios com
implante e funcéo imediatos.Este trabalho objaivalisar as seguintes variaveis relacionadas
a técnica que a ser descrita: a) taxa de sobresiav@los implantes; b) niveis de perda 6ssea
marginal, c) idade, d) género, e) regido da cieyrfjicaracteristicas dos implantes instalados,
g) tempo médio de acompanhamento, h) tempo médimtlega das restauracdes definitivas,
i) taxa de sobrevivéncia das restauracdes defasitij) complicacdes técnicas e k)

complicag@es bioldgicas.
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ABSTRACT

Objectives:The purpose of this 3-year cohort prospective stwdg to assess the implant
survival rate, marginal bone loss (MBL) and clinicmplications using a minimally
invasive technique for immediate implant placenamd restorationand tbhee abutment-one
time (OAOT) protocol in the aesthetic zoNmaterial and methodsFifty-twosubjects (38
females, 14 males)with a mean age of 58 yearsvetea single-tooth implant definitive
prosthesisbetween both maxillary canines seven imsoafter immediate implant placement
and restoration, followed by a reconstructive bgrefft with DBBM patrticles. Each patient
received a temporary crown with a customized dfimiabutment placed on the same day of
surgery that was not removed throughout the sulesgqastorative procedures. Patients were
clinically screened for mechanical and biologicamplications during the follow-ups and
periapical radiographs were used for MBL measurésnah 6 months, 12 months and at a
final follow-up assessment that ranged from 12Q0 fnonths (mean = 36.34 months). Data
were analyzed with Student’s t test and analysisasiance (ANOVA) at the significance
level of a = 0.05ResultsTwo implants and one definitive crown were lost focumulative
implant survival rate of 96.2% and definitive crosurvival rate of 98%.The mean MBLat
the mesial and distal aspects were 0.19 + 0.35nar0&b + 0.47 mm, respectively, aftera3-
year follow up. There were no statistically sigcefint differences between the 6-month and
12-month MBL at both mesial and distal aspects arexb to the final follow-up (p = 0.832
and p = 0.958, respectively). Only 8% of the impdashowed MBL > 1mm and 65.6% of
implants with no marginal bone loss presented Ipyosthetic abutment contact
radiographically.The most frequent complication wesporary crown loosening with 30
occurrencesConclusions: This study describes a predictable one-stage clrgrocedure
that offers immediate aesthetics and reduced mityb@bmbined to highly stable bone

remodeling results in the anterior zone.

Keywords: bone implant interactions, bone substitutes, b@generation, prosthodontics,
soft tissue-implant interactions, surgical techesjlbiomaterials.



16

INTRODUCTION

As the success criteria for dental implants wexpgpsed by Albrektsson and colleadlies
1986 as an addition to the first report on the ectdfhe definition of a satisfactory implant-
supported rehabilitation has additionally expereghcsignificant changésand will
presumably face further supplements over the yemrsovel techniques emerge. Accordingly,
immediate implant placement and restoration haveadly been widely described in the
current literatureas a well-controlled and effici@pproach for the replacement of failing
teeth’Reports on reduced number of interventibndess morbidityimmediate
esthetics®minimumamount of marginal bone loss and high suecatescomparable to early
and conventional loading protocbfsapplythe placement of dental implants into fresh
extraction socketsand their immediate loading atatme candidates as gold standard
procedures in the aesthetic zone.

Marginal bone loss (MBL) has long been the subgadnterest in implant dentistry
researci:®>%1 An initial 1.5mm bone loss within a year after it placement in addition to
0.2mm annually thereafter represented the thrediooldinically acceptable results as dental
implants showing bone remodeling within this rangere considered successfullhe
literature has consistently refuted this paramétéf:'For instance, Galindo-Moreno
suggested a 0.44mm marginal bone loss at 6 mordbs Ipading should be includedfor
assessment of implant success rates since odass#ningMBL > 2mmat 18 months in this
group increasetf. Additionally, Arora and colleagué&reported bone levels within a 0.5mm
range of either bone loss or bone gain. A reprasiet number of studies have confirmed
these finding<:*1°

Thus, the focus of implant dentistry has shiftediottg term preservation of both soft
and hard tissues as a trend towards minimally imegzrocedures to diminish the undesirable
effects following tooth extractionhas been pointedtl’As such, in addition to the
advantageous effects of an adequate 3D implanttigaisig'®!® and platform-switching
implantg®?? on periimplant tissues,the use of a flapless syhges been consistently
associated with the maintenance of soft tissueocwatand less pronounced vertical bone
loss?*ZFurthermore, filling the post-extraction buccal dvoivith bone grafts has been
reported as limiting gingival contour change anesprving bone volume when placed above
the implant’s platform and in contact with a deive abutment, as described in previous

reports?6:2



17

On the same line, abutment nonremoval has showastdt in improved soft tissue
stability and hard tissue maintenaié&s a consequence of frequent provisional abutment
dis/reconnections as part of the prosthetic phakesimplant-mucosal barrier is constantly
being disrupted, shifting the junctional epithelimmore apically and introducing higher loads
of pathogens into the implant-abutment interfackictv leads to multiple micro damage of
the connective tissue, soft tissue trauma and aatintbone remodeling??°Therefore, the
one abutment-one timM@®AOT) protocol is characterized by the use of initeve abutment
immediately after implant insertion in replacemfamtthe conventional provisional abutments
or cover screws that wouldrequire multiple removalsubsequent phas&gven though the
literature is still controversial with the actuafluence abutment removals exX&ft or with
the minimum exact number of removalscapable of iBogmtlychangingperiimplant-
supporting tissue¥;*several authors have reported on the beneficiatesffof this minimally
invasive technigue on longitudinal stability of stiésues dimensions and bone levéfe:34-36
However, current evidence is still lacking studiesaluating OAOT protocol using
customized definitive abutment inasmuch as clidfédland review studiéé*have generally
tested standard pre-fabricated abutments.

As such, the purpose of the present study is toribes minimally invasive technique
for immediate implant placement and restorationthy use of a customized definitive
abutment in the aesthetic zone. For such purpbsefotlowing outcomes were investigated:
a) implant survival rate; b) marginal bone lossiejinitive restoration survivalrate, and d)

clinical complications related to the presentedhégue.

METHODS

A population of 52 subjects (38 females, 14 mafgssenting a hopeless tooth within both
maxillary canines was screened for immediate intghdsccement and restoration in a private
clinic (Porto Alegre, Brazil) from 2009 to 2018 acding to specific selection criteria (Table
1). The mean age was 58 years (range = 24 to 7&)yaad the mean follow-up period
was36.3months (range = 12 to 100 months). Tablspkis the sample characteristics. All
surgical procedures were performed by one expertensurgeon (JCD) who did not
participate in the data collection. The study wasfgrmed according to the principles
outlined in the Declaration of Helsinki on experimegion involving human subjects and the
was reviewed and approved by the Research Ethioen@itee (CEP# 1.878.772) of the Sao
Lucas Hospital at the Pontifical Catholic Univeysf Rio Grande do Sul (PUCRS), Brazil.
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Treatment

Prior to surgery, cone beam computerized tomogag@iBCT) images and periapical
radiographs were evaluated. When necessary, patigrterwent professional non-surgical
periodontal therapy. The entire sample receivegipylactic antibiotic medication (2g of

amoxicillin 1h before the procedure) and 0.12% didaidine gluconate mouthwashes.

After local anesthesia (Articaine 100, DFL, Rio dneiro, Brazil),a flapless tooth
extraction was performed using a specific extra¢Banex Root Extraction System, Hager
and Meisinger GMbH, Neuss, Germany) in an atterapminimize surgical trauma to the
surrounding tissues. Thenthe socket was vigorodslyrided using curettes and a morse
tapered implant (CM Drive, Neodent, Curitiba, Bhamias placed 2 to 3 mm subcrestally and
2 mm palatal to the buccal bone wall with a minimureertion torque of 35 N/cm. An
implant impression was taken immediately after stygising a piece of sterile rubber dam to
avoid the impression material from entering thegma site. A narrow diameter healing
abutment was positioned and the gap between thamtgshoulder and the buccal bone wall
was filled withdeproteinized bovine bone matrix (B¥) particles(0.25 — 1 mm) (Bio-Oss®,
Geistlich Pharma AG, Wolhusen, Switzerland).

In the dental laboratory,a customized definitivertium abutment and an acrylic
provisional crown were then manufactured. Howeueeforeinsertion, the customized
abutment was scanned using a chairside digital necafiNeo Shape D700, 3Shape,
Copenhagen, Denmark).Therefore, the future zircmirastructure will be digitally designed
in advance, preventing additional abutment removalsereafter, within 24 hours after
surgery, the abutment was screwed to 15 N/cm aedtémporary crown wascemented
(Dycal, Dentsply, York, United States) with a namétional loading. A gap was deliberately
left between the gingival contour and the cervasgect of the temporarycrownto avoid tissue
compression. Abutments had a reduced diameter nmpagson to the implant’s platform

diameter, a conical connectionand presented 2.8mi8 in height.

After surgery, patients were instructed to followddt diet and to avoid using the area
for the remaining duration of the implant healifgape. Drug therapy consisted of antibiotics
(i.e., Amoxicillin 875mg, every 12h for 7 days),tiamflammatory drugs (i.e., Nimesulide
100mg, every 12h for 3 days) and mouthwashes (.22% chlorhexidine gluconate, twice
daily for 7-10 days).
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After the healing process, the already digitallyglesd infrastructure was approved
and amilled zirconium oxide coping (InLab MC XL, r&ma, Salzburg, Austria) was
manufactured. The structure was then seated owrus®mized abutment and checked for
possible marginal gaps, adequate occlusal spacepeoper thickness. Additionally, the
abutment’s finish line was evaluated to assuresiibgingival position and a pick-up
impression was taken (Regular Body Normal SeteHibD+, Zhermack, Rovigo, Italy). The
all-ceramic definitive restoration was luted withresin-modified glass ionomer cement
(Relyx Luting 2, 3M ESPE, California, United Stgtédl materials were handled according
to the manufacturer’s instructions.The treatmequsace is shown in Figure 1.

Follow-up controls

After the surgical procedure, follow-up consistédariographic and clinical recordingsonce
a month. The following technical complications werecorded: a) temporary crown
loosening; b)temporary crown fracture; c¢) abutmearew loosening; d) additional
preparation of the abutment, and e)abutment replane Additionally, biological

complications were also recorded: a) abscess,tldgjsand c) peri-implantitis. After the
definitive crown was delivered, patients were dewlin a maintenance program with 6-
month follow-up appointments during the first yeamd 1-year follow-up visits in the

subsequent years.

Radiographic evaluation, measurement techniquelatadcollection

For radiographic measurements, digital periapiealiagraphs (Vista Scan, Dirr Dental,
Bietigheim-Bissingen, Germany) were taken withandardized film holder (Cone Indicator
Quimico, Indusbello, Londrina, Brazil) and the platatechnique at three different times: at
final crown delivery (6 months post-surgery), atri@dnths and at the latest follow-up visit.

Patients with less than 12 months of follow-up weoeincluded in the study.

Marginal bone loss (MBL) was recorded as the meakdistance from the implant-
abutment interfaceto the first bone-to-implant eshin both mesial and distal aspects in each
time point (6 months, 12 months, final follow-upYhen bone was observed at the level or
above the implant’s platform, MBL was recorded aszin order to not positively influence

the results. The implant’s length (i.e., 10mm, bR, 13 mm, and 16 mm)and diameter (i.e.,
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3.5mm, 4.3mm) served as control for adjusting gmssmage magnifications. Additionally,
control of brightness and contrast were adjust@tgus specific imaging software (DBSWIN
Imaging Software, Dirr Dental, Bietigheim-BissingenGermany). Radiographic
measurements were performed in two different dayth vat least 48 hours apart.
Measurements of the mesial and distal marginal boreds were made to the nearest 0.1 mm.
One independent examiner performed all examinatiand data collection. The
following variables were recorded: a) age, b) gendesurgical site, d) implant features, e)
time of follow-up, f) time of definitive restoratiodelivery, g) implant survival, g) definitive
restoration survival, h) marginal bone loss, i)htd@cal complications, and j) biological

complications.

Statistical analysis

SPSS® version 17 was used for the statistical aisa(yBM, Chicago, IL, USA). The
Kolmogorov-Smirnov normality and the Levene’s homogity of variance tests were used.
Considering that all results had a parametric ithstion, the Student’s paired and

independent t tests, and repeated-measures ANOVYA wged at a significance level of 95%.

RESULTS

A total of 52 consecutive implants were immediatplgced into fresh extraction sockets
without flap elevation and restored with customizkfinitive abutments and a temporary
crown. An implant survival rate of 96.2% was re@mwdor a sample size of 52 subjects (38
females, 14 males) with a mean age of 58.04 + 1¢9e@ts and a mean follow-up period of
36.34 = 23.18 months (ranged from 12 to 100 monthsp implants were lost (3.8% failure
rate). One due to lack of primary stability (oney @dter implant placement) and one due to
occlusal trauma (2 months after implant placemdujh implants presented narrow platform
diameters (3.5 x 13mm and 3.5 x 16mm) and wereacepl on the same day without
loading.Definitive crowns were delivered at 7.08.63 months (ranged from 4 to 17 months)
after implant placement with a 98% survival rat@ble 2 displays additional description
concerning reasons for tooth removal and implaatifes.

The mean radiographic interproximal marginal barss llevels at 6months, 12months

and at final follow-up are presented in Table 3.r¢ff@al bone loss at the mesial aspect
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recorded at the final follow-up did not show statelly significant difference in comparison
with the 6-month and 12-month recordings (p = 0)83hey were recorded as follows:
MBLm = 0.154 + 0.340mm, MBkL = 0.190 £ 0.357mm, and MBL= 0.192 £+ 0.359mm.
Similarly, marginal bone loss at the distal aspecbrded at the final follow-up did not show
statistically significant difference in compariseith the 6-month and 12-month recordings (p
= 0.958). They were recorded as follows: MBLt 0.230 + 0.3489mm, MBL= 0.252 *
0.474mm, and MB&= 0.256 = 0.475mm.

The implants were divided as no marginal bone (MBL = 0), marginal bone loss
less than 1mm (MBL < 1), and marginal bone lossi@ighan 1mm (MBL > 1mm) according
to their marginal bone levels in reference to theo implant shoulder. The descriptionof
different marginal bone levels is shown in Tablé-dur radiographs for each of five patients
were used to illustrate implants presenting MBL mmi (Figure 2), MBL < 1 (Figure 3),
MBL = 0 (Figure 4), bone gain (Figure 5) and bobetanent contact (Figure 6).

Mechanical complications almost entirely consistédemporary crown loosening,
which occurred thirty times during treatment. Abetrhloosening occurred three times (6%)
and twotemporary crowns were replaced after frac{dfo). Patients 39 and 43 had their
abutments removed for additional preparation angutagingivally reposition the finish line
(4%). The abutments were removed once. Soft tiaadebone levels in patients 6, 27, 35, and
44 were clinically stable at 6 months after implatcement but their abutments were
replaced for thinner ones for proper definitive venothickness (8%).Four patients (8%)
showed peri-implantinflammatory reactions that wéreated with 0.12% chlorhexidine
gluconate irrigation and hygiene instructions. Madbal and biological complications are
displayed in the Table 5.

The comparison between MBL with age showed nonHsigimt differences between
subjects under sixty-years old and over sixty-yeddsin the three follow-ups and for both
aspects. Similarly, the comparison between MBL wgbnder showed non-significant
differences between males and females in the tfokmv-ups and for both aspects. The

comparisons between MBL with age and gender aigepted in Tables 6 and 7.
DISCUSSION
The presented study evaluates the clinical andgaaphic results of a minimally invasive

surgical procedure that combines immediate implalacement and immediate implant

loading with customized definitive abutmentsin thesthetic zone. A cumulative implant
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survival rate of 96.2% was achieved for 52 implemi& three-year follow-up. Definitive
crowns were deliveredafter7 months of implant ptaeet.

The most frequent mechanical complication was teanyocrown loosening (30
occurrences). Immediately after surgery, the amaintemporary cement was purposely
reduced to avoid excess of cement into the wouhdt might be the reason why 46% of the
sample presented this clinical complication, whgn accordance with the study by Hartlev,
that reported the same temporary crown looseniguigncy?’ Abutment loosening occurred
three times and two temporary crowns were replaaier fracture. Only two patients
presented important gingival recession, so theaitrabnts were re-customized, as previously
described (see Results). In addition, other fourtr@lents were replaced for reasons other than
soft tissue recession or significant bone loso(aée Results).

Several studies have evaluated implant survivaisr&llowing different protocols of
implant placement and loadift§®'*Hartog and colleagues, in a systematic review and
meta-analysis found a 95.5% survival rate for g@rigbth implants inserted in the aesthetic
zone irrespective of the time of placem&@n the same line, 3082 implants were evaluated
in another systematic review gathering only prospectudies with a 98.4% survival rate for
immediate implant placement in both immediate aadyerestoration protocofn contrast,
Atieh and colleagues reported a survival rate fiemediate implant placement ranging from
82.4% to 100%. In this systematic review, howetaur out of five selected articles reported
100% survival rates and only one 82.2%wo additional studies with similar methodological
designs strongly disagree with these findings. Goend no statistically significant
differences between immediate and conventionalihggafter 2, 3, and 5 years of followfup
andthe other reported a small greater risk of imipfailure for immediate againstdelayed
loading (98.2%versu99.6%, respectively), after selecting 37 randomideadcal trials with a
follow-up time ranging from 6 to 84 months.These findings are in agreement with
retrospective studies and longitudinal clinicalalsi reporting high survival rates for
immediate restoration of implant placed into frestiraction socketsafter different follow-
ups/813153738 They also agree with the 96.2% survival rate wdldy the technique
described in our study.

Our results also report a mean marginal bone dd<3.19 £ 0.36mm at the mesial
aspect and 0.26 + 0.47mm at the distal aspecteafital follow-up with no statistically
significant differences between the 6-month, 12-th@md final follow-upat both aspects (p =
0.832 and p = 0.958, respectively). This marginaheb change is according to the range
reported as high success criteria by Arora andeaglie$Additionally, it is important to
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mention that the described implants presenting kainthe level or even coronally to the
implant’s platform were classified as presentingbume loss (MBL = 0) in order to not
positively influence the data. Even thoughour rissshare a small disagreement with similar
papers’-3°they are in accordance with the available datafaogreater number of the studies
evaluating similar approach&113-15They will be further addressed.

Two of the aforementioned studies reported MBL @m2*® and 1.0mr¥ 3 and 7
years after immediate implant loading. The incraaseone remodeling might be due to the
use of a platform-matched implant-abutment conoac@énd the absence of bone graft
procedures in both studié€onversely, Calvo-Guirado and colleagues also diduse bone
grafts in their study but the simple fact that thesed an internal connection with non-
matched abutments might have been the reason ¢peyted lower levels of MBL (0.86 +
0.29mm) after a 3-year follow-ufiThe internal displacement of the implant-abutment
interface away from the implant’s shoulder decrsafiee inflammatory effects ofthe
surroundingstructuré$re-establishes the biologic width, creates a more stable
environmerft! and reduces crestal bone 165seaning reduced biomechanical and biological
complications following implant placemetffhe use of a platform-switched connection
explains the minimal bone loss found in our stutlynight also explaina non-significant (p =
0.832 and p = 0.958) change in bone levels betwee®-month (MBk, = 0.15 £ 0.34mm
and MBLy = 0.23 £ 0.49mm), 12-month (MBL= 0.19 + 0.36mm and MBL= 0.25 *
0.47mm), and the final follow-up (MBAL=0.19 + 0.36 mm and MBiL= 0.26 + 0.47mm).

Our findings agree with the results from an animglerimental study showing the use
of DBBM particles modified the hard tissue remodglafter immediate implant placement
and improved bone-to-implant contdesimilarly,reconstructive bone graft to fill the doi
between the buccal bone wall and the implant redul reduced marginal bone loss in two
other similar studie$'* After immediate placement and restoration of 2secutive
implants, Cristalli found MBL levels of 0.38 + 0.mBn mesially and 0.27 £ 0.59mm distally
with an open flap procedure and a DBBMgta@n the same line, although using a different
xenograft (Endobon® xenograft granules), Nimweggported reduced mean levels of MBL
(0.31 + 0.20mm) in 51 implantéTheir radiographic findings are in agreement witle t
present study; however, both studies included fps¢molars in their esthetic zone
assessment. Our conception of esthetic zone difhsrsour described sample selection
included exclusively teeth within both maxillaryniaes.

In addition to optimal MBL levels described in tlearrent study,32/50 implants
showed no interproximal marginal bone loss (64%)5Q implants showed marginal bone
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loss less than 1mm (28%) and only 4/50 implantsveldomarginal bone loss higher than
1mm (8%) after a mean follow-up period of 3 yeaostdoading. Accordingly, Cristalli
reported 8.7% of his sample with MBL > 1nmfAlso evaluating immediate implant
placement and restoration in the esthetic zoneyrCand colleagues described 7/17 patients
(41%) with either no marginal bone loss or bonengasing DBBM’ Conversely, a
retrospective analysis found 16 out of 30 (53%) lanfs presenting bone at the level or
coronally to the implant’s platform, which is slitjhlower than our 64% results, anda mean
bone gain of 0.26mm using DBBf#/Both studies presented a higher mean follow-up tha
present study (5 years); however, part of their ganwas lost during the course of
theirevaluation.

Finally, Noelken and colleagues described bone gdir0.04mm, ranging from
1.37mm of bone loss to 1.19mm of bone gain, inmpsa of 33 implants placed into fresh
extraction sockets. They used CBCT scans and egparimm marginal bone loss in 27% of
their sample after 5 years of follow-&f®ur results account for only 8% of the sample
presenting MBL > 1 mm. Furthermore, thirty two aftfifty implants placed showed no
interproximal marginal bone loss. Assessing theBein3plants separately, 5/32 (15.6%)
showed bone at the platform level and 27/32 (84.é%bbited bone level coronally to the
implant shoulder and even in contact with the prest abutment(21/32 patients (65.6%).
The presence of preexistent or newly formed booeigig beyond the implant’s platform and
in an intimate contact with the abutment surfaceisagreement with the literatuf@2’49.44
however, to the best of the author's knowledges thithe first clinical report showing such
bone level stability with a representative sampe fora mean follow-up of 3 years.

The subcrestal positioningof implants with conieblutments significantlydecreases
MBL levels when compared to external hexagon imiglgtaced equicrestally, as confirmed
by experimental studies in d#g4*and clinical report$3*in a histomorphometric analysis of
retrieved implants removed for psychologic distresgsons, Degidi and colleagues found
areas of new bone formation and 0.5 — 3mm of bomaé gn implants placed
subcrestally3Accordingly, the present study used customizedrabnts with 2.5 — 3.0mm in
height, reflecting an adequate subcrestal implasitioning that is in accordance with the
findings from Galindo-Moreno showing lower MBL ratethen prosthetic abutments higher
than 2mm are use@Thatmight also justify the bone preservation obsémvthe current work
over time.

The present study used definitive abutments imnielgiafter implant placement. The

concept, defined asne abutment-one tim@®AQOT) protocol, has been increasingly reported
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over the years and consists of the non-removahefprosthetic abutment throughout the
entire rehabilitation phasé§?3*3The number of abutment removals capable of causing
negative effects on bone is yet to be defined; Mawean OAOT systematic review and meta-
analysis, apart from finding positive effects ofetlassessed technique, also found no
differences in the subgroup analysis comparing feas two abutment disconnections and
more than threé’ Their findings are in accordance with another nésgstematic review and
meta-analysis that also highlighted the benefitso€éh protocol when platform-switched
implants are placed below the bone ctédoreover, Grandi reported statistically significant
differences in MBL when definitive abutments (DAgre compared to provisional abutments
(PA) (0.094mmversus0.435mm) in 28 implant®Another RCT from the same research
group also found a 0.5mm bone loss difference worfaf the abutments inserted on the day
of surgery?* They performed a conventional impression using dbeble-chord packing
technigue to copy the customized definitive abutimigtaced in premolar sites. In contrast,
our technique consisted only of a pick-up imprassb the Zr framework that had already
been manufactured, which is a less time-consumitigo and prevents additional disruption
of the epithelium seal. Their results are in acaam with another prospective RCT showing
a statistically significant bone resorption betw& and PA (MBL = 0.61 = 0.40 muersus
MBL = 1.24 + 0.79 mm) during healing periétl.

Finally, Canullo and colleagues, in two recentlplmhed studies on OAOT prosthetic
approach, found stable bone resorption results @viee-year period,as well as improved soft
tissue dimensions using digital scanning anaR’si%iowever, in both studies patients had to
undergo a three-step surgical procedure in thriéereint times (i.e. tooth removal and ridge
preservation;flapped delayed implant placement;asdall incision for abutment insertion)
and were provisionalized using their adjacent testhretainers for a temporary adhesive
prosthesis. A 0.31 + 0.29mm of marginal bone Idssra higher five-year follow-up was
reported in their study, which is slightly greateean the bone remodeling reported in the
current investigation after a mean follow-up ofelaryears (mean MBL = 0.22 = 0.44mm);
however, our surgical/prosthetic procedures wegmifsitantly less invasive as a flapless
immediate implant placement and restoration in tamidito an OAOT approach were

delivered for the entire sample.

CONCLUSIONS
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This is the first clinical trial on the use of costized definitive abutments in conjunction with
a flapless immediate implant placement and restorah the aesthetic zone. Within the
limitations of the present study, it can be conetidhat the described technique is a
predictable, effective alternative for the replaeemofafailing tooth in the esthetic zone with
high implant survival rates and minimal tissue reelng results over a three-year period.
Further long-term clinical trials are neededto @omfthe encouraging results found in our

study.
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ANEXOS - ARTIGO 1

ANEXO 1 — Tabela 1 mostrando os critérios de exus inclusao.

Table 1. Inclusion and exclusion criteria (adaptedrom Canullo et. al):

Subject inclusion criteria:
e Age > 18 years
e No relevant medical conditions

* Non-smoking or smoking 10 cigarette/day
e Full mouth plague score and full mouth plaque hilegdcore < 25%

Exclusion criteria:
« Patients with history of IV Bisphosphonate therapy

« Patients with uncontrolled diabetes (HbAlc > 6%cgmic level >
110 mg/dl

ANEXO 2 — Tabela mostrando as caracteristicas asstim

Table 2. Sample characteristics.

Independent variables

Age (years) (n=52)
Mean (£SD) 58.04 (12.91)
Follow-up (months) (n=50)
Mean (xSD) 36.34 (23.18)
Definitive crown delivery (n=50)
Mean (xSD) 7.08 (2.63)
Gender (%) (n=52)
Women 73.1
Men 26.9
Implant features (%) (n=52)
3.5x13.0 17.3
3.5x16.0 13.5
4.3 x10.0 1.9
4.3 x13.0 40.4

4.3x16.0 25.0
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Implant failure (%) (n=52)
No implant loss 96.2
Implant loss 3.8

Reasons for tooth extraction (%) (n=52)
Fracture 75.0
Resorption 15.4
Caries 3.8
Endodontic failure 3.8
Prosthetic failure 1.9

Definitive crown failure (%) (n=50)
No failure 98.0
Failure 2.0

Implant site (%) (n=50)
#11 31.0
#12 19.0
#13 6.0
#21 23.0
#22 15.0
#23 6.0

ANEXO 3 — Tabela mostrando os niveis de perda Gsseginal nas faces mesial e distal nos
diferentes tempos de acompanhamento (6 meses, sEsmellow-upfinal).

Table 3. Comparison of marginal bone loss at 6 months, dBths and at final follow-up both at mesial and
distal aspects.

I ndependent variables

N Mean Std. Deviation P value
(mm)
6 months 50 0.1540 0.34059 0.832NS
MBL mm (mesial) 12 months 50 0.1900 0.35700
final 50 0.1920 0.35961
6 months 50 0.2300 0.48959 0.958"
MBL mm (distal) 12 months 50 0.2520 0.47434
final 50 0.2560 0.47559

Analysis of Variance (ANOVA):* p < 0.05, NS (non-significant).
Post-hoc Tukey-b test: a = mesial, b = distal, @mdmesial distal (letters separated by comma igrefisantly
different between them at p<0.05).

ANEXO 4 — Tabela mostrando a descricdo dos niveseas em relacdo a plataforma do
implante.



Table 4. Description of marginal bone levels in comparigath the implant’s platform.

Groups
Implants
Variables N =50
Marginal bone level equals 1 mm (%):
0 = negative 36.0
1 = positive 64.0
Marginal bone level less than 1 mm (%):
0 = negative 72.0
1 = positive 28.0
Marginal bone level more than 1 mm (%):
0 = negative 92.0
1 = positive 8.0
Implants
MBL = 0 mm N =32
At implant’s platform (%):
0 = negative 84.4
1 = positive 15.6
Coronal do implant platform (%):
0 = negative 15.6
1 = positive 84.4
Bone/abutment contact (%):
0 = negative 34.4
1 = positive 65.6

ANEXO 5 — Tabela descrevendo as complicagbes megsieri bioldgicas.

Table 5. Description of mechanical and biological complicas.

Groups Implants
N =50
Variables

Temporary crown loosening (%):

0 = negative 40.0
1 = positive 60.0
Temporary crown fracture (%):

0 = negative 96.0
1 = positive 4.0
Abutment loosening (%):

0 = negative 94.0
1 = positive 6.0
Abutment repreparation (%):

0 = negative 96.0
1 = positive 4.0

Abutment replacement (%):
0 = negative 92.0
1 = positive 8.0




Biological peri-implant complications (%):
0 = negative
1 = positive

92.0
8.0

ANEXO 6 — Tabela mostrando a comparacao da MBL aosariavel idade.
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Table 6. Comparison of marginal bone loss at 6 months, daths and at final follow-up measured mesially

(M) and distally (D) with age.

Independent L
variables Age N Mean Std. Deviation P value
(mm)

less than 60 years 23 0.1696 0.33769 0.769NS
MBL 6M (M)

more than 60 years 27 0.1407 0.34891

less than 60 years 23 0.2609 0.43037 0.685\S
MBL 6M (D)

more than 60 years 27 0.2037 0.54171

less than 60 years 23 0.2217 0.35414 0.567\S
MBL 12M (M)

more than 60 years 27 0.1630 0.36390

less than 60 years 23 0.3043 0.44054 0.477NS
MBL 12M (D)

more than 60 years 27 0.2074 0.50530

less than 60 years 23 0.2565 0.36906 0.373\S
MBL FINAL (M)

more than 60 years 27 0.1630 0.36390

less than 60 years 23 0.3130 0.44242 0.439\S
MBL FINAL (D)

more than 60 years 27 0.2074 0.50530

Student’s t test: * p < 0.05, NS (nhon-significant)

ANEXO 7 — Tabela mostrando a comparacao da MBL aoariavel género.

Table 7. Comparison of marginal bone loss at 6 months, daths and at final follow-up

(M) and distally (D) with gender.

measured mesially

Lr;?;%?gg ent Gender N Mean Std. Deviation P value
(mm)
Male 13 0.2077 0.40919 0.514NS
MBS eI Female 37 0.1351 0.31729
MBL 6M (D) Male 13 0.3308 0.60192 0.394NS
Female 37 0.1946 0.44780
Male 13 0.2462 0.41153 0.515\S
MBL 12M (M) Female 37 0.1703 0.33982
MEL 12M (D) Male 13 0.4154 0.58715 0.151NS
Female 37 0.1946 0.42226
B AL Male 13 0.3000 0.42230 0.286"S
Female 37 0.1730 0.34371
Male 13 0.4154 0.58715 0.162\S
MBL FINAL (D) Female 37 0.2000 0.42492




Student’s t test* p < 0.05, NS (non-significant).
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ANEXO 8 — Figura ilustrando a sequéncia clinica.

Figure 1lllustration of the treatment sequence:a) Initiaical aspect of the maxillary left central inciseith a
longitudinal root fracture prior to removal. b) plass tooth extraction with a specific extractoeiiBx Root
Extraction System) for minimal disturbance of thersunding tissues. ¢) Immediate implant placem@
Drive, Neodent). d) Occlusal view of the gap betmvé®e buccal bone wall and implant demonstratirdgram
palatal position. €) Sterile rubber dam protecting socket during the impression. f) Narrow diamétaling
abutment for DBBM particles filling the void aftemplant placement. g-h) Buccal and occlusal aspetthe
customized definitive abutment in place. i) Tempprarown delivered immediately after surgery. Nohe
distance from the cervical area and the gingivalt@or avoiding soft tissue compression. j) Cliniaapect of
the temporary crown 7 days after immediate implplatcement and restoration. k) Clinical aspect & th
customized abutment 7 months after the surgicatquore. |) Trying the Zr framework for adaptatiomda
gingival contour. m) Pick-up impression. 0) Clidiaspect of the definitive crown at 3-year follow-up)
Clinical aspect of the definitive crown at 5-yealldw-up.
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ANEXO 9 - Figura ilustrando exames radiograficogpdeientes com perda 6ssea marginal
maior do que 1 mm.

Figure 2. Preoperative (a), 6-month (b), 12-month (c) andlffollow-up (d) digital radiographs showing MBL
> 1 mm at distal aspect.

i

> %

W=

ANEXO 10 - Figura ilustrando exames radiograficespdcientes com perda 6éssea marginal
menor do que 1 mm.

Figure 3. Preoperative (a), 6-month (b), 12-month (c) andlffollow-up (d) digital radiographs showing MBL
<1 mm at both aspects.
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ANEXO 11 - Figura ilustrando exames radiograficespdcientes com perda éssea marginal
igual & zero.

Figure 4. Preoperative (a), 6-month (b), 12-month (c) andlffollow-up (d) digital radiographs showing MBL
=0.

ANEXO 12 - Figura ilustrando exames radiograficegécientes com ganho 0sseo.

Figure 5. Preoperative (a), 6-month (b), 12-month (c) analffollow-up (d) digital radiographs showing bone
gain.
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ANEXO 13 — Figura ilustrando exames radiografices phcientes demonstrando contato
osso-pilar.

Figure 6. Preoperative (a), 6-month (b), 12-month (c) anmwlfifollow-up (d) digital radiographs showing
bone/abutment contact.
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DISCUSSAO ARTIGO 1

No presente estudo, implantes cénicos com mudargapldtaforma foram
instaladosatravés de um protocolo de funcdo imedmin descolamento de retalho
mucoperiostal e restaurados com pilares definitpmsonalizados e coroa proviséria no dia
da cirurgia. Uma taxa de sobrevivéncia dos impkme 96,2% foi registrada para uma
amostra de 52 individuos (38 mulheres, 14 homeams)idade média de 58,04 + 12,91 anos
em um periodo médio de acompanhamento de 36,3 2- iB8ses (variacdo de 12 a 100
meses). Dois implantes foram perdidos (taxa deafdh 3,8%). Um implantendo apresentou
travamento de 35 N/cme foi removido um dia aposanstalacdo e outro devido a trauma
oclusal (dois meses apés a instalacdo do implaAtepos eram implantes de plataforma
estreita (3,5 x 13 mm e 3,5 x 16 mm) e foram stuigtss no mesmo dia de sua remocao.

As restauracdes definitivas foram entregues eman&@8 + 2,63 meses (variando de
4 a 17 meses) apés a colocacdo dos implantes camtaxa de sobrevivéncia de 98%. A
descricdo amostral, assim como 0os motivos paratesgées dentarias e as caracteristicas dos
implantes estdo descritos naTabela 2 (Table 2 igoafif).A complicacdo mecéanica mais
frequente foi falha na cimentacéo das coroas tedmijpgr (30 vezes). Imediatamente apds a
cirurgia, a quantidade de cimento provisério foopgmsitalmente reduzida para evitar o
extravasamento do mesmo dentro da ferida cirar§issa pode ser a razao pela qual 46% da
amostra apresentou essa complicacéo clinica, @sfaede acordo com o estudo de Hartlev
que relatou a mesma frequéncia desta complicagiicadl O afrouxamento do pilar
personalizado ocorreu trés vezes e duas coroa®térngs foram substituidas apos a fratura.
Apenas dois pacientes apresentaram recessdo dgemgp@tante, de modo que 0s seus
abutments foram removidos ume Unica vez para repreparo sgigs e instalados
novamente. Além disso, outros quatro pilares fosastituidos por espessura insuficiente
para recobrimento do material ceramico.

Diversos estudos avaliaram as taxas de sobrevavéedmplantes seguindo diferentes
protocolos de instalacéo e fun¢&’'1?Hartog e colaboradores, em uma revis&o sistematica
e metanalise da literatura, descrevem uma taxaoble\svéncia de 95,5% para implantes
unitarios na zona estética para funcdo imediatecome e tardifiNa mesma linha, 3082
implantes foram selecionados em outra revisdo ns@éteareunindo apenas estudos
prospectivos.A taxa de sobrevivéncia de 98,4% é&portada para implantes imediatos

efuncdo imediata e precoteor outro lado, Atieh e colaboradores relataram tmwa de
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sobrevivéncia para funcao imediata variando de%8234100%. Nesta revisao sistematica, no
entanto, quatro dos cinco artigos selecionadosarala taxas de sobrevivéncia de 100% e
apenas um 82,490utros dois estudos com desenhos metodoldgicoslisames discordam
fortemente desses achados. Em um deles, ndo foreomteadas diferencas estatisticamente
significativas entre instalagdo imediata e conwamali apés 2, 3 e 5 anos de
acompanhamenf® outro relatou um risco ligeiramente maior parglantescomfuncéo
imediataversusardia (98,2% e 99,6%, respectivamente), apdésegdelde 37 ensaios clinicos
randomizadoscom um tempo de acompanhamento det6resesd! Esses achados estdo de
acordo com estudos retrospectivos e ensaios dinatgitudinais relatando altas taxas de
sobrevivéncia para funcéo imediata em diferefubsw-ups’ 81315373 |es também estdo de
acordo com a taxa de sobrevivéncia de 96,2% atdevéscnica descrita em nosso estudo.

Nossos resultados também relatam uma perda Osseginahamédia de 0,19 +
0,36mm naface mesial e 0,26 + 0,47mm na face dmsillow-up final, ndo havendo
diferencas estatisticamente significativas entreeSes, 12 mesesf@low-ugfinal em ambas
as faces (p = 0,832 e p = 0,958, respectivamektdn alteracdo 6ssea marginal esta de
acordo com os critérios de de sucesso relatadog\poa e colaboradorésNo entanto, é
importante mencionar que implantes apresentandm rmshivel ou mesmo coronalmente a
plataforma do implante foram classificados comces@ntando perda 6ssea marginal zero
(MBL = 0), a fim de nao influenciar positivaments dados do presente trabalho. Dessa
forma, nossos resultados estdo de acordo com ass dhsponiveis em estudos avaliando
abordagens semelhantéd!*-'2compartilham um pequeno desacordo com outrosoartig
que serdo tratados mais a furi¢é’

Dois dos estudos acima mencionados relataram MB2,@enni® e 1,0 mm 3 e 7
anos apos funcdo imediata. O aumento do remodetandsseo pode ser devido ao uso de
uma conexdes de hexagono externo e a ausénciacedpnentos de enxertia em ambos o0s
estudog’Por outro lado, Calvo-Guirado e colaboradores tamb&o usaram enxertos 6sseos,
porém o simples fato de usarem uma conexao comaadanca de plataforma pode ter sido a
razdo pela qual relataram niveis mais baixos de MBI86 % 0,29mm) apos um
acompanhamento de 3 ar8sO deslocamento do infiltrado inflamatério da ifdee
implante-pilar diminui os seus efeitos deletérias estruturas circundant@siestabelece o
espaco bioldgicoperi-implantdt,cria um ambiente mais estétleb reduz a perda éssea
marginal¥> o que significa reducio das complicacbes biomeadne biologicas apds a
colocacdo de implantes dentro deste condgitd. uso de conexdes com mudanca de

plataforma ajuda a explicar a perda 6ssea minirmangrada em nosso estudo. Também pode
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explicar uma mudanca néo significativa (p = 0,882=€0,958) nos niveis ésseos entre 0s 6
meses (MBk = 0,15 = 0,34mm e MBL= 0,23 * 0,49mm), 12 meses (MBL= 0,19 +
0,36mm e MBL = 0,25 £+ 0,47mm) e o controle final (MBL= 0,19 + 0,36 mm e MBl=
0,26 + 0,47mm).

Nossos achados concordam com os resultados detudo experimental em animais
mostrando que o uso de particulas de matriz ésse@nab inorganica modificou o
remodelamento do tecido duro apos fungdo imediateeléorou o contato osso-implarfe.
Da mesma forma, enxertos 0sseos reconstrutivos graeachimento dgap entre a tabua
0ssea vestibular e o implante resultaram em reddggwerda 6ssea marginal em dois outros
estudos semelhant&s!* Apés funcdo imediata de 24 implantes, Cristalticentrou niveis de
MBL de 0,38 = 0,75mm mesialmente e 0,27 + 0,59mstatinente com um procedimento de
retalho aberto eenxerto xendgédda mesma linha, embora usando um enxerto xendgeno
diferente (Endobon®), Nimwegen relatou niveis mgdeduzidos de MBL (0,31 + 0,20mm)
em 51 implante$* Seus achados radiograficos estdo de acordo coresente estudo; no
entanto, ambos os estudos incluiram primeiros pri@@s na sua avaliacdo da zona estética.
Nossa concepcdo de zona estética difere, ja queeserge selecdo amostral incluiu
exclusivamente dentes de canino a canino.

Além dos niveis reduzidos de MBL descritos no prasestudo, 32/50 implantes nao
mostraram perda 6éssea marginal (64%), 14/50 imgdampresentaram perda 6ssea marginal
menor que 1 mm (28%) e apenas 4/50 implantes mastreerda 6ssea maior que 1mm (8%)
apos um periodo meédio de acompanhamento de 3 abesapma. Comparativamente,
Cristalli relatou 8,7% da amostra com MBL> 1nktllambém avaliando implante e fungdo
imediatos na zona estética, Cosyn descreveu 7/5eéute pacientes (41%) ndo apresentando
perda Ossea marginal ou apresentando ganho oOssmudousmatriz Ossea bovina
inorganicalEm uma analise retrospectiva, 16 de 30 (53%) ingtaapresentaram 0SSO no
nivel ou coronalmente a plataforma do implantanadé@ um ganho 6sseo médio de 0,26 mm
usando enxertos xenogeéhé&mbos os estudos apresentaram um acompanhameimio mé
maior do que o presente estudo (5 anos).No entpatte de suas amostras foram perdidas
durante o curso do estudo.

Finalmente, Noelken e colaboradores descreveratmogasseo de 0,04mm, variando
de 1,37mm de perda 6ssea a 1,19mm de ganho ésseoma amostra de 33 implantes
colocados em alvéolos frescos. Analisando tomag@imputadorizada, eles relataram uma
perda 6ssea marginal de 1mm em 27% de sua ampés&anos de acompanhameiEm

nosso trabalho, trinta e dois dos cinquenta impka(t4%) colocados ndo apresentaram perda
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O0ssea marginal interproximal. Avaliando esses 3gldntes separadamente, 5/32 (15,6%)
apresentaram 0sso0 no nivel da plataforma e 27/324%§ apresentaram nivel ésseo
coronalmentea plataforma do implante e até mesmoagrato com o pilar protético (21/32
pacientes (65,6%). A presenca de 0sso preexistenfiemado crescendo além da plataforma
do implante e em contato intimo com a superficieabbatmentestd de acordo com a
literatura®-274%4Para o conhecimento dos autores, este € o prima#m clinico mostrando
tal estabilidade 6ssea com um tamanho de amosfpatsentativo e um tempo médio de
acompanhamento de 3 anos.

O posicionamento subcrestal de implantes com gilanicos diminui
significativamente os niveis de MBL quando comparadmplantes hexagonais colocados a
nivel 6sseo, como confirmado por estudos expermseem cie&*um estudo com analise
histomorfométrica em implantes removitfb® em outros relatos clinicds*Avaliando
implantes removidos por motivos de sofrimento gégico, Degidi e colaboradores
encontraram é&reas de formacdo de osso novo e ;@ de ganho 6sseo em implantes
instalados subcrestalmertt€omparativamente, todos os pilares personalizados@sso
estudo apresentaram 2,5 - 3,0 mm de altura, demaodst um posicionamento infra 6sseo
adequado e de acordo com os achados de GalindoxMorgee mostram menores taxas de
MBL em pilares protéticos superiores a 2@ que também ajuda a justificar a preservagdo
Ossea vista no presente estudo.

Adicionalmente, este trabalho utilizabutmentgiefinitivos imediatamente instalados
apos a colocacao dos implantes. O conceito, defiotinoone abutment-one tiM{®AQOT),
tem sido cada vez mais relatado ao longo dos ancsnsiste na ndo remocao do pilar
protético ao longo de todas as etapas de reahiitdé®>>*® numero de remocdes de
abutments capazes de causar efeitos negativos stoaisda esta para ser definitlbna
revisao sistematica e metanalise, além de encaefeaos positivos da técnica avaliada, nédo
encontrou diferencas estatisticamente significativa analise de subgrupo comparando
menos de duas remocdes e mais de’tBsas descobertas estdo de acordo com outra recente
revisdo sistematica e metanalise que também destat®neficio de tal protocolo quando
implantes com mudanca de plataforma séo instalapgicalmentea crista 6ssEaAlém disso,
Grandi relatou diferencas estatisticamente sigatitas na MBL quando os abutments
definitivos (AD) foram comparados com os abutmemtsvisorios (AP) (0,094 mm versus
0,435 mm) em 28 implanté¥utro ensaio clinico randomizado do mesmo grupdoéam
encontrou uma diferenca de perda 6ssea de 0,5mfavemdos pilares inseridos no dia da

cirurgia®* Eles realizaram uma moldagem convencional usanéeraca de duplo fio para
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copiar os pilares definitivos personalizados calosa em regido de pré-molares. Em
contraste, nossa técnica consiste apenas em urdageat de localizagdousando o coping de
Zr que ja havia sido fabricado, evitando rupturaciadal do selamento epitelial. Seus
resultados estdo de acordo com outro ensaio clfarmbomizado prospectivo mostrando uma
reabsorcéo 0ssea estatisticamente significativa &m e AP (MBL = 0.61 + 0.40 mm versus
MBL = 1.24 + 0.79 mm) durante o periodo de cicait&n>°

Finalmente, Canullo e colaboradores em dois esttetmntemente publicados sobre
OAOQT, encontraram resultados estaveis de reabsossEa ao longo de um periodo de cinco
anos, bem como melhores dimensbGes de tecido mealedosandlise de escaneamento
digital 2>2® No entanto, em ambos os estudos, os pacienteartivgue ser submetidosa trés
etapas cirargicas em trés momentos distintos @stextracdo dentaria e preservacao do
rebordo, instalacdo tardia do implante e uma peqjuaisao para insercao do pilar) e foram
reabilitados provisoriamente usando seus dentexemes como pilares para uma protese
adesiva. Uma perda 6ssea marginal de 0,31 + 0,2%p®® cinco anos foi relatada, que é
ligeiramente maior que a remodelacdo éOssea relatadpresente investigacdo apds um
follow-up médio de trés anos (MBL médio = 0,22 + 0,44 mm).Blatanto, NOSSoS
procedimentos cirargicos e protéticos foram sigaifivamente menos invasivos, uma vez que
a colocacdo imediata de implantes sem retalho estauracdo através de uma abordagem
OAOTforam realizados para todos o0s participantesestudo em até 24 horas ap0s o
procedimento cirdrgico.

Este € o primeiro ensaio clinico sobre o uso dargsl definitivos personalizados em
conjunto com um protocolo de implante e funcao imted sem retalho na zona estética.
Dentro das limitagcbes do presente estudo, podeseluir que a técnica descrita € uma
alternativa previsivel e eficaz para a substituigaoum dente perdido na zona estética com
altas taxas de sobrevivéncia e minima alteracadut@cdurante um periodo médio de trés
anos. Novos estudos clinicos de longa duracédo eéessarios para confirmar os resultados

encorajadores encontrados em nosso trabalho.
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3. ESCLARECIMENTOS- ARTIGO 2

O segundo artigo incluido na presente tese deodhuld trata-se de uma revisao da
literatura intitulada “Periodontitis is an Inflammay Disease with Oxidative Stress: we
should treat it that way”. O artigo foisubmetidorevista Periodontology 2000 (fator de
impacto 6,22/classificacdo Al segundo a CAPES)nwitmdo professor Frank Scannapieco,
escritor responsavel pela elaboracao do capituk/éntion of Periodontal Disease”.

A cada ano o perioddico publica trés capitulos esalbiversos temas relacionados a
doenca periodontal. O corpo editorial identificpitds significativos e cientistas renomados
para a elaboracdo de cada capitulo. O desenvoltondentrabalho foi feito em conjunto com
alunos e professores da Pontificia Universidad@élicatdo Rio Grande do Sul (PUCRS),
Universidade de Campinas (UNICAMP) e Universidadd dronto.

Como a sele¢do dos autores participantes em epdalo é feita através de convite, o
método de submissao dos trabalhos é feito diretiEnoem o responsavel pela elaboracéo do
mesmo. Portanto, a sequéncia de e-mails confirmarefwio ao autor responsavel encontra-

se em anexo nesse trabalho. A previsédo de pubtichg@eriodico é junho de 2019.
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ABSTRACT

Periodontitis is a highly prevalent disease. Awdgresses, it causes serious morbidity
in the form of oral periodontal abscesses, losgeth, and when more severe, pain. It is also
now known that periodontitis is associated stronglth several non-oral diseases. In this
regard, patients with periodontitis are at greasd for the development and/or exacerbation
of diabetes, chronic obstructive pulmonary diseaseyell as cardiovascular diseases, among
other conditions. Although there is no questiont theecific groups of oral bacteria that
populate dental plaque play a causative role indinelopment of periodontitist is now
thought that once the disease has been triggetkdr tactors play an equal and possibly
more important role in the progression of period@tparticularly severe cases or cases of
periodontitis that prove difficult to treat. In ghiegard we refer to the so-called host response.
This refers to the notion that the host, once ie@avith oral periodontal pathogenic bacteria,
will mount a defense response mediated largelyutttahe innate immune system. The major
cells of the innate immune system, polymorphonucleautrophils (PMNs) can, when
protecting the host from microbial invasion, moantesponse that includes upregulation in
the production of cytokines, matrix metalloproteies, as well as reactive oxygen species
(ROS), all of which then contribute to the tissummdge (and for example loss of teeth)
commonly associated with periodontitis. Of the naegbms referred to here we suggest that
upregulation of the production of ROS might playeasf the most important roles in the
establishment and progression of periodontitis et as other diseases of inflammation by
way of the development of oxidative stress. In thisrview, we present various factors both
innate and epigenetic that lead to the developmieoxidative stress (e.g. diabetes, smoking).
The latter then provides the environment that lgadhe destructive processes observed in
periodontitis. Therefore, we shall describe sometle# fundamental characteristics of
oxidative stress and its effects on the periodomtiwhat diseases or other factors that cause
oxidative stress and finally potentially novel theeutic approaches for management of
periodontitis, and possibly even reversing the @gammdthat rely on the use of therapies that

upregulate antioxidant activity including the u$eesveratrol and other antioxidants.



48

1. Oxidative stress and its relation to chronic Peodontitis.

In recent years, there has been an increasing dioelyidence that has reported on the
role of reactive oxygen species (ROS) in the emstatlent of an oxidative environment
related to the pathogenesis of a wide range ofretiioflammatory conditions, such as type-2
diabeteg, atherosclerosis, rheumatoid arthrftisancer’ inflammatory lung disease, and also
periodontitis 4 In particular, periodontitis is an inflammatorynefition that affects 10 — 15%
of the adult populatiohand when not properly treated, leads to chronin,gass of tooth-
supporting tissues, and, consequently, tooth 48$sThe persistent presence of plaque
attached to the dental surface and its migratigdheécsurrounding periodontal pockets leads to
the recruitment of leukocytes from the bloodstreato the site of infection.

The polymorphonuclear infiltrate acts as the first of defense against these bacterial
pathogens. In particular, neutrophils, which repr¢$50% to 70% of this infiltrateplay an
essential role in periodontal health and in theatenimmune system by acting as first-
responder cells functioning through different deenrmechanisms, such as degranulation,
chemotaxis, phagocytosis, NETosis, and the relea$@O0S. However, the hyper-activated
neutrophil phenotype associated with periodontséalse is characterized by overproduction
of ROS and proteases making this subset of patimai®e susceptible to transitioning to
periodontitis’*? This complex interplay between the presence ofgsngival biofilm and the
degree of the host immune response facing thisathsethe key to the establishment of a
dysbiotic environment and the pathogenesis of gerititis131°

Primarily acting as an antimicrobial defense, ge@meration of ROS is reported as a
double-edged sword because of their capability cifng as a protective mechanism in
physiological conditions and also presenting cyimtceffects when overproduced. Despite
their role in cell signaling, gene regulation, adimicrobial defens® an increased oxidant
load together with either unaltered or reducedoaidant capacity results in an oxidative
stressed environment which is now responsiblei$sue destructiohil’ Intracellularly, ROS
damage biomolecules, cell membrane and, finallyseacell death. Moreover, the release of
ROS into the extracellular environment promotesra@gtion of the connective tissue and,
consequently, destruction of the tooth-supportingcsures.

As an end-product of the mitochondrial respiratouyst in neutrophils, the production
of free radicals, specially Q H.O, and OR,*® during phagocytosis,acts mainly through lipid
peroxidation'® and both prote? and DNA damagé! leading to an oxidative imbalance that
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triggers pro-inflammatory mechanisms and ostecuigstesi€?2° Additionally, ROS affects
the master antioxidant regulator nuclear factotheojd 2-related factor 2 (NrF23%;2° which,
when downregulated, is correlated with some of pheviously mentioned inflammatory
diseases and their progression, specially peridtitom@nd rheumatoid arthritf8:2® Finally,
ROS production is responsible for attachment lbssuigh direct damage to the extracellular
connective tissue that leads to periodontal detomé?28:29

The destructive pattern that clinically charaatesi chronic periodontitis as a disease
affecting the tooth-supporting tissues is a refolin an active connective tissue destruction
and progressive bone resorption as the presenddfedfent stimulating factors in plasma is
responsible for increasing the respiratory burstitrophil priming and neutrophil life span in
patients with chronic periodontitt§3° Accordingly, the production of ROS has been
associated with enhanced expression of pro-inflalmmacytokines that are directly and
indirectly responsible for connective tissue dedtam and bone resorption. While
mineralized and non-mineralized destruction proggssccur concomitantly, specific pro-
inflammatory products are associated with eithex onboth levels of tissue damage. As an
example, the bone uncoupling resulting from the R@Esliated increased in RANKL/OPG
ratio breaks the physiological bone dynamic in favof bone remodeling as one major
characteristic of disease progressibft Through the differentiation of macrophage precurso
cells into osteoclasts and its following maturatcaused by the increased levels of RANKL
MRNA that disrupts the balance between RANKL andsOfe bone physiologic conditions
are altered. Therefore, the RANKL/OPG axis is & tlenter of bone resorption in periodontal
diseases as well as in several chronic inflammatiisgases that are related to bone
remodeling. Moreover, the reduced collagen prodachy ROS-affected fibroblasts and the
wide range of different metalloproteinases (MMPsgEeassively released into the site of
infection during the immune response leads to bmhnective tissue and bone matrix
degradatiori*3® Following the increased release of MMPs, an ima@abetween them and
their endogenous inhibitors (TIMPs) also plays awportant role in tissue destruction.
Together, these cascade of events leads to a obugtgradation of the mineral and organic
matrix by which chronic inflammatory diseases draracterized’

On the same line, Graves etaperformed a literature review evaluating the gsup
of cytokines who influence bone uncoupling and stwwhat different groups of pro-
inflammatory cytokines, such as IL-1, IL-6, and TNF have been reported to either
stimulate osteoclast activity, osteoblast deatimftuence bone remodeling through RANKL

induction in periodontal destructidf?’
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The reports from different studies addressingrtheeased levels of oxidative markers
in saliva, gingival crevicular fluid and plasma rfioperiodontitis patients strengthens the
relation between the establishment of an oxidasitressed environment and periodontal
diseases progression. Konopka and collegdumsalysed the concentration of the oxidant-
induced DNA damage biomarker 8-hydroxy-2’-deoxygusne (80HAG) in patients with
chronic periodontitis and found a significantly ieased level of the oxidative biomarker in
diseased patients when compared with healthy dsifrdhese findings agree with previous
reportst’ Similarly, 58 periodontal patients were comparéith\®34 healthy controls in terms
of a different oxidative stress marker (proteinbcanyl levels) in unstimulated sali¥& The
authors found significantly higher levels of totabtein carbonyls througknzyme-linked
immunosorbent assay (ELISA)and, consequently, greater loss of periodontal
attachment.Accordingly, the levels of malondialdédyMDA), a highly specific marker for
polyunsaturated fatty acid peroxidation, were foumzteased in serum, saliva, and gingival
crevicular fluid (GCF) samples from patients preésgnchronic periodontitis in comparison
with their healthy counterpart$3 In the same experiment, the non-surgical therapy
significantly modified the levels of MDA into levelcompared the healthy samples,
highlighting the interplay between the expressibmxdative biomarkers and periodontitis.
Moreover, Novakowi et al*® reported on the beneficial effects of non-surgtbakapy in the
levels of salivary antioxidant glutathione peroxada(GPx) assessing periodontitis patients
before and after treatmeiftThe correlation between non-surgical periodonedtment and
the reduction in the oxidative stress representedhb overall decreased ROS production
reflects the direct relation between the releasefreé radicals and periodontal tissue
destruction.

To act against the excess of ROS, antioxidant raesy such as superoxide
dismutases, catalases and glutathione peroxidasesekeased into the oral cavity as an
attempt to balance and re-establish the oxidatistus and prevent tissue destructidft
Along with those enzymatic antioxidants, endogenallsumin and uric acid also play
fundamental roles in the maintenance of the redate sn favour of a positive antioxidant
balance®? Accordingly, a significant number of case-contamld longitudinal studies have
compared the levels of different antioxidant masker health and periodontitis along the
effectiveness of non-surgical therady’*3Analysing salivary markers in patients suffering
from periodontitis, Banasova and colleadgdémve found a tendency towards reduced DNA
integrity and significant reduced antioxidant ssafb4% reduction) in diseased subjects when

compared with their healthy contrdfs.Moreover, the antioxidant levels for glutathione
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peroxidase (GPx), albumin (ALB), uric acid (UA),datotal antioxidant capacity (TAOC)
were measured before and after non-surgical thefspyhe research group concluded that
conventional periodontal treatment positively iefhced the levels of all the antioxidant
markers in comparison with the levels before irtation. On the other hand, Chapple efal.,
addressing the longitudinal changes in GCF andn@dadAOC, showed no statistical
differences between periodontally compromised aedlthy subjects’ plasma sampfes.
Interestingly, the GCF samples from periodontitistignts after non-surgical treatment
reached control levels, leading the authors to sesigthat decreased TAOC is more likely to
be a consequence of the inflammatory conditioneratihhan a cause for periodontal diseases.
However, there is no consensus established thughfan comparing other similar studiég®

Although there are varied opinions when assedsiagole of ROS production and in
terms of creating the precondition allowing for thevelopment of periodontal disease, the
excess of free radicals in conjunction with hosticidant incapability plays a central
function in the pathogenesis and progression obrdhrperiodontitis:*”48 This imbalance
extends to a broader range of other inflammatonmyditions and behaviors that stimulate
oxidative stress and present correlation with amahifestations, such as diabetes, smoking,
obesity, and rheumatoid arthritis. Thus, the nedtisn’s aim is to demonstrate that the
aforementioned are not only associated with mowerseperiodontitis but that they likely
have their effects on account of their ability fwegulate oxidative stress.

2. Conditions and Behaviors that Stimulate Oxidatie Stress

The establishment of systemic environment charaeid by oxidative stress can
cause an exaggerated pro-inflammatory conditionclwhs the center of a wide range of
metabolic disorders that present destructive paters a consequenteThese complex
multifactorial disorders (which include diabetebesity and rheumatoid arthritig}>* share
ROS and its subsequent antioxidant imbalance asnaon feature for their development and
progressiort®>® Thus, establishing a connection between this grofipdiseases, their
correlation with severe periodontal disease, apd fhro-inflammatory similarities is of great

value.

2.1. Diabetes
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Diabetes Mellitus is a chronic disorder that aeover 340 million people
worldwide>’ In North American, 9% of the population suffer lwithis chronic metabolic
disorder. Type-1 Diabetes Mellitus (T1DM) is chaesized by the autoimmune destruction
of pancreatic 3-cells and the complete lack oflinguroduction, representing 5 — 10% of the
total cases and with a relatively early onset. Hglyeemia and hypoglycemia are two
possible conditions patients presenting TLDM migle?® The most common subtype (85 —
90%) is Type-2 Diabetes Mellitus (T2DM). With a ragprolonged onset, T2DM presents
different degrees of R-cell dysfunction and insuésistance, and is usually accompanied by
either obesity, overweight, a sedentary lifestgenetic predisposition, or during pregnancy
(gestational Diabetes Mellitus).In T2DM, glucose and lipid metabolisms are chrafjc
dysregulated. Pancreatic R-cells, responsible &mretion of insulin, fail to compensate
insulin resistance by peripheral cells, leadindpyperglycaemia, disturbing the blood vessels
physiological activity and increasing reactive ogggspecies production, which dysregulate
the redox state, causing loss of the homeostatambel*°°8°°As a consequence of insulin
resistance, the pancreas ineffectively starts sagrdiigher loads of insulin, in order to
compensate the non-absorption by peripheral aeltee muscles, adipose tissues, and in the
liver. The latter then starts releasing glucose the blood, increasing blood sugar lev&i&
Secondary complications to non-controlled T2DM areronic hyperglycemia and its
subsequent results, such as microangiopathies r@mgthy, neuropathy, retinopathy,
cardiomyopathy, and periodontal disease), macraNascliseases (cardiovascular diseases,
hypertension, ischemic heart disease and strolertility, and necrosis), and several
impaired immune responsg/g264

Within the broad scope of secondary conditionateel to T2DM, chronic periodontal
disease is considered the sixth diabetic comptinaplaying a two-way part with the chronic
metabolic disordet> The relationship between impaired blood glucoseel®e and
periodontitis is widely established in the litenatf® %%’ Both are chronic and inflammatory
diseases that share common risk factors and mytiméract with one another, presenting
increased oxidative stress and exacerbated prarinflatory mediator relea8e%® There is a
consistent body of literature reporting on how @ased diabetic parameters, such as glycated
hemoglobin (HbA1C), correlates positively with orahflammatory biomarkers and
polymorphonuclear activity, disease progression, d arprobability to develop
periodontitist165768-710n one side, the immune defense mechanisms @rpssystemically
affected by T2DM fail to act against microbial dealye, particularly due to a more

pathogenic subgingival microbial profile in thosgbgcts, collapsing to tooth surrounding
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tissues destructiotf. On the other, periodontal disease parameters, ascprobing depth
(PD), clinical attachment loss (CAL), bleeding aolpung (BoP), and gingival index (Gl), are
negatively affected by chronic hyperglycemia andel-dysfunctiont®® Rovai et al’? in a
systemic review of the literature, have shown thah-surgical periodontal treatment of
TIDM and T2DM patients significantly improved CALné reduced PD leveld.
Furthermore, the mutual relationship between pentitls and T2DM is highlighted in
different reports concluding that periodontal tre@nt results in a positive response on
previously increased glycemic levels in T2DM patsensystemic oxidative stress levels
improve after non-surgical periodontal treatmentdiabetic patients and insulin resistance
and altered 3-cells function may predict the pregien and severity of chronic periodontal
diseasg® 071,73

As one of the main disease mechanisms, Advancgda@n Endproducts (AGES)
are one of the major links between diabetes melkiind its complications. This end-product
originates from the irreversible non-enzymatic glyon and oxidation of proteins, lipids, and
nucleic acids by the addition of sugar to theirypeptide chain, which alters their structure
and functionality’* AGEs are produced in general in conjunction witling, with the
endproduct carboxymethyl lysine being the most comrproduced® Elevated levels of
AGEs are a result of chronic hyperglycemia and miema pro-inflammatory state by
increasing the production of specific cytokines,ctsuas TNFea, IL-6, IL-1f3, and
prostaglandin E which alter oxygen diffusion by changing membrarteucture and
permeability, and are associated with a state dfaeoed oxidant stre§$>7°87476.77pn
increase in binding of AGE products to their recept(RAGES), is thought to explain the
increased inflammatory environment observed in lyeawntrolled diabetics with chronic
periodontal disease. Consequently, the release raofsdinking collagen thickens the
membrane of blood vessels with AGE-modified collagaccumulation, changing the
transport between the endothelial membrane, inerggsoduction of vascular endothelial
growth factor (VEGF) and causing micro and macroscuéature complicatiors.
Additionally, Mealey and colleagu&sperformed a review with over 200 articles evalugti
the relationship between diabetes mellitus andogerital disease and concluded that AGE-
RAGE interaction on monocytes increases cellulaidan stress and activates the
transcription factor nuclear factor- kappa B (KB).>® On a similar line, the 2013 EFP/AAP
Consensus Repdfton periodontitis and systemic diseases evalualieital studies and
animal experiments and concluded that AGE—-RAGEracteon leads to the exaggerated
inflammatory response and periodontal tissue detstriin T2DM patient$?
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As previously mentioned, a representative groupowidative stress stimulating
mechanisms and antioxidant markers have been adblysd proposed to play important
roles in T2DM pathogenesis and in its interplayhwiieriodontal disease. Evaluating either
protein, DNA, or lipid oxidation end-products, amtidant markers, or enzymatic antioxidant
mechanisms, and utilizing different methods of gsial the current literature has established
a consistent link between both disorders in teri®active oxygen species over production
and their oxidative pathways.

In an environment characterized by the overpradnaif free radicals, the release of
different enzymatic antioxidants in an attempt tevent oxidative damage is represented by
various acting molecules. One of the most promireeazlymes is the family of the superoxide
dismutase (SOD), representing important indicatofsthe oxidative processes. T2DM
individuals with periodontal disease show a de@aaghe antioxidant capacity represented
by an inefficient SOD activity® A case-control study with a sample size of 15Csipia
analysis revealed that SOD activity is decreasepeimodontally compromised patients but
showing that its level increases when T2DM patiearts also affected by periodontiffs.
Interestingly, Akalin and colleagu€shave also demonstrated that SOD activity in T2DM
periodontitis patients is higher in comparison wststemically healthy patients presenting
periodontal disease, suggesting that diabetesasesegingival SOD activity as an adaptive
mechanism, while periodontitis patients keep thaiioxidant defenses diminish&Finally,
Duarte et al®! using gingival tissue sampling for mMRNA levels ajfiCR analysis, showed
similar results, reporting on SOD2 genes being osllghtly influenced by periodontal
disease, whereas in poorly controlled T2DM indialduthis enzymatic mechanism being
significantly induced*

Another key antioxidant enzyme that acts togethigh SOD in the dismutase of
superoxide to hydrogen peroxide is the glutathipeeoxidase (GPX¥ Those enzymatic
antioxidants are associated with the glycationevhbglobin in such a way that when HbAlc
levels increase, GPx activity decrea%eSimilar results were reported for salivary GPxelev
before and after periodontal treatm&bDuarte and colleagu®sused 49 gingival biopsies
harvested from poorly and well-controlled T2DM patis for mRNA analysis to demonstrate
that GPx levels are up-regulated by periodontadéaie and independent from the diabetic
status of the individu&! On the other hand, different observational stuti@ge concluded
that poor glycemic control and untreated periododisease are directly correlated to the
worsening of oxidative stress markers for bothabies and that a similar decreased pattern is

found for C-reactive protein and protein carbomyidls!-49:9.73.78.84



55

On the same line, the levels of malondialdehydeDAY] a marker for lipid
peroxidation, has been reported to be significanisreased in periodontal tissues from
patients presenting T2DM, representing excessige fadical activity®’® Accordingly, the
same pattern of increased MDA is found in systelyichealthy patients with chronic
periodontitist’3® Most interestingly, MDA parameters were found igngicantly lower
levels in serum samples after T2DM subjects wembuph periodontal treatment and
lycopene administration demonstrating how both atiss interchangeably rel&te.
Additionally, the DNA damage biomarker 8-hydroxyoxyguanosine (80OHdG), which is
found increased in patients presenting periodotitdase in comparison with their healthy
counterparts, is also affected positively in T2DBtipnts after scaling and root plannfidg®
Analyzing gingival crevicular fluid (GCF) from 48dlividuals, the authors concluded that the
group presenting the most prominent reduction iilatve stress parameters (represented by
8-OHdG), as well as clinical parameters, was the @mesenting both diabetes and
periodontitis®®

Total antioxidant capacity (TAOC), represented thwe capacity to inhibit the
production of TBARS (thiobarbituric acid reactingbstances), is the balance between the
presence of antioxidant markers protecting hods @gainst oxidative agents and is widely
reported in the literature as being decreased botperipheral blood samples and GCF
samples in T2DM patients with periodontiti¥-46.78798Thys, the generation of oxidative
stress may be an underlying systemic conditionctlirerelated to alveolar bone loss in
periodontitis in T2DM patient€ Aryl hydrocarbon receptor (AhR) ligands are envimental
contaminants found in a wide range of pollutantsdus agriculture, such as pesticides and
herbicides, burning of garbage, by-products of cestibn processes, and also in cigarette
smoke®® Tetrachlorodibenzo-para-dioxin (TCDD) is a propmyof dioxin and, as well as
other dioxin-like compounds, binds to AhR and maxtiaa variety of toxic effects, such as
increased risk of cancer and stroke, suppressidmeainmune system, hormonal imbalances,
and T2DM Different studies have reported on the effectsAbR ligands as a putative
mechanism of T2DM development through TCDD-indudeapaired glucose levefS,
impaired B-cell glucose metabolisth and insulin sensitivity?> The majority of studies
relating AhR ligands to T2DM were performed usinginaal models, such as the
experimental study performed by Takuma and colleddun which TCDD was repeatedly
administrated to mice to assess the influence sualim sensitivity. The authors found the
AhR activation by TCDD caused insulin resistanced aelevated plasma insulin

concentratior? Their findings agree with the results from a cesstrol study that measured
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serum AhR activity in T2DM subjects. There was gn#icant higher AhR activity in the
T2DM in comparison age -, sex -, and BMI - matckebjects presenting impaired glucose
tolerance and healthy controls. The authors sugdéassulin resistance might be a possible
link between AhR and T2DM developméfadditionally, there is evidence that ARNT/HIF-
1B, a regulator of3-cell function required to keep pancredticells in a glucose-responsive
state, are profoundly reduced in islets obtainemnfiT”2DM patient$® Most interestingly,
Wandg* have demonstrated that even in patients with stotyi of diabetes, serum AhR
concentrations are negatively associated Bitiell function®* Those findings taken together
suggest that AhR may be involved in the pathogsn&fsan abnormal glucose tolerance and,
consequently, in T2DM development.

Using a chick periosteal osteogenesis model, Siagt colleagué8 reported
significant reductions in mineralization mediated @CDD, decreases in calcium
accumulation and an approximate 80% reductionkali@le phosphatase activity mediated by
dioxin exposuré® The authors supported the hypothesis that TCDD fudfier predispose
smokers to osteoporosis and periodontal bone®fosdditionally, as Gram-negative bacteria
colonization plays a fundamental role in periodimgpathogenesis, Andreou and colleagues
evaluated the putative synergistic effect of lipgpaccharide (LPS) fronPorphyromonas
gingivalis with aryl hydrocarbons (BaP). They found sigrafily reduced bone nodule
formation adding smoke-derived aryl hydrocarbons laacterial LPS. Most interestingly, the
effects of the combination between LPS and BaP wemsidered additive in terms of
inhibiting bone nodule formation (9-fold) when coangd to their separate administratfon.
Similar results were found in human periodontabtigent cells. In this recent study, the
addition of BaP decreased mRNA expression of ost@oggenes and alkaline phosphatase
activity %> Similarly, there is evidence in the current litera on how the inhibitory effects of
AhR and RANKL signaling pathways interact in bonestabolism, more specifically,
osteoclastogenesi&®’ Conclusively, the destructive effects on the dtmee of the tooth-
supporting tissues are enhanced with the long-etposure to aryl hydrocarbons in a dose-
dependent manner and a representative group ofisgeal in vitro and in vivo studies
have tested different AhR antagonists to countetest deleterious effects;>* *"which will
be deeply discussed in the following section.

Due to the similarities in terms of release ofdative markers, disease progression
and resolution, the establishment and maintenanicea ocontinued oxidative stress
environment is in the central axis connecting T¢palabetes mellitus and chronic

periodontal disease.
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2.2. Smoking

Tobacco is one of the greatest emerging healtastliss in human histof. It is
estimated that there are more than $200 billionamual cost for smoking-related
consequences in the United States. Five milliorpjgedie annually from cigarette smoking
and its deadly consequences globally, with almostio every two smokers likely to die from
secondary effects of tobacco consumpffofi. In the face of those alarming numbers,
cigarette smoking consumption has been decreasingleveloped countries, but still
encompasses a significant portion of the world jetpn, especially those in low-income
countries’®® The negative health effects of smoking includéasamic heart disease, cerebro-
vascular disease, chronic obstructive pulmonaryeatis, multiple types of cancer, and
periodontal diseasé$28-100

Although different mechanisms through which smgkeiffects the progression of
periodontitis have been ascribed, a definitive thexxplaining this process remains unclear.
One of the mechanisms suggests there is a shifteirmicrobiota composition to a highly
pathogenic one within periodontal tissues. Smokialits have also been related to a change
in neutrophil migration and chemotaxis dysfunctit@ading to a deficient immune response
facing the microbial threat. Finally, tobacco smrmzkimay lead to a shift in neutrophil activity
to a more hyperactive state, which increases tlease of proinflammatory cytokines and
over production of reactive oxygen species throtggpiratory burst, followed by gingival
tissue destructiof,101:102

The negative effect of smoking on periodontal tebbve been extensively reported
in the literature with a vast number of clinicahls, systematic reviews, meta-analysis and
epidemiological studies. The highly significant piog association between heavy smoking
and disease incidence, progression and severityelsas low success rates for periodontal
treatment makes cigarette smoking the most prellentisk factor for periodontal disea%g.

A national cross-sectional survey in the U.S. r&tgrated that current smokers are at four
times higher risk of developing periodontitis. Samly, evaluating the risk of tooth loss in a

sample of health professionals, Dietrich and cgile2 have found an increased number of
missing teeth with a progressive pattern of too$slas smoking intensity increased. They
have also shown that smokers had twice the ristoath loss when compared with never

smokers'®® Later on, the same group updated the odds rati®.a&™ Their findings are

consistent with the current literatuf®:1% In a systematic review and meta-regression, the
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pooled adjusted ratios have estimated that smdkainits increased the risk for periodontitis
in 85% (OR: 1.85, 95% CI = 1.5 — 2.2) for clinictbdies with follow-up periods ranging
from 2 to 37 years. Studies with similar designgehpresented comparable results with one
reporting a 30% radiographic bone level improvenanong quitterd?®*°Smokers are also
at a higher risk for clinical attachment loss aadession, deeper probing depths, lower tooth
retention, and severity of periodontal destructi&rtll-12Interestingly, the literature seems
consistent with lower Gl and BOP parameters in smoldue to the suppressive effect of
smoking on periodontal blood vess&fg!4

The literature is still controversial regardinge t&CF biomarkers profile of smokers
that present periodontal disease. While the mgjofithe studies report a depressive effect of
smoking on the expression of pro-inflammatory cytek, others report no significant
differences and even an increased cytokine praofilemokers!® Evaluating GCF, Tymkiw
and colleagué$® found decreased pro-inflammatory cytokine (B.-1L-6) and chemokine
profiles*® Similarly, smokers showed no statistically sigrafit difference in expression of
IL-1B, IL-6 and TNFe in peri-implant sulcus fluid when compared to rsmekers:This
may be the reflection of the immunosuppressantceffef smoking which in turn may
increase susceptibility to peri-implant periodoraald destruction.Even though TNfand
IL-13 are secreted through similar mechanisms, BLdld not seem to be influenced by
cigarette smoking in periodontitis patieht¥.Their findings are contradicted by the results
from Liu et al!” In their experimental study, non-smokers were mimiEotine supplements
after they quit smoking. The GCF Il3levels were found higher at the final follow-up in
comparison with one month after quitting (baselié)nterleukin B (IL-1B) stimulates bone
resorption, inhibits bone formation and is consdeeven more potent than TNFin terms
of effects on bone metabolism. Similarly, a mutiginear regression analysis showed
significant correlations between GCF cytokine Ieveind smoking. Additionally,
Giannopoulou and colleagues analysed GCF sampleésobserved associations between
smoking and total amounts of IL-6 and IL-8 but nith IL-1p levels!!® These findings are in
accordance with subsequent studfés.

Periodontal disease progression is mainly due t¢mebresorption and tissue
destruction. One of the main discoveries in bordolgly is the RANK/RANKL/OPG system.
A fundamental mechanism for bone health which,sfupted, causes several bone diseases,
such as chronic periodontal disease. Bone remapetina dynamic mechanism mostly

regulated by osteoblasts, who mediate osteoclasésge through different signaling
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pathways, such as balancing the ratio between RABKA OPG. In general, the attachment
of RANKL on the surface of osteoclast precursor€R)is needed in order to differentiate
them into osteoclasts (RANKL-induced osteoclasivatibn). Osteoprotegerin (OPG), a bone
protector expressed by osteoblasts, is a naturddiiar of osteoclast differentiation that binds
to the RANKL surface and prevents OCP from difféi@mg into osteoclasts; thus,
preventing bone resorption. The imbalance in theNRE/OPG ratio has been positively
associated with bone loss in smoker-related penitiit patient&*11°-12'Gingival crevicular
fluid samples from 149 periodontitis patients deddinto 3 groups (never smokers, former
smokers and current smokers) were evaluate throHgHSA. Osteoprotegerin was
significantly reduced and consequently RANKL/OPGiarasignificantly increased in the
current smoker’'s periodontitis grodtfs. The authors concluded the suppression of OPG
production may have led to bone loss. These resgitse with similar studies using both
gingival biopsies and seruht1?9123 Additionally, OPG concentration in whole saliva
samples was compared with full-mouth clinical pedotal measurements and correlated
positively with PD, CAL and BOP?! Finally, the RANKL/OPG ratio may act as an indarat
of the extent of periodontal breakdown and thuatinent modalities capable of “switching
off” this mechanism should be considered as annatipe tool for periodontal disease
management*124 Interestingly, a recent study has compared GC# totidant status (TOS)
with RANKL, OPG and the ratio between bé®iThey have shown a significant association
between increased TOS, RANKL and RANKL/OPG valuesbbth local and systemic
samples, suggesting that oxidative stress migha bemmon link between bone resorption
markers and periodontitis severffy.

The mechanisms through which cigarette smokinlyi@mices periodontal destruction
are complex. As mentioned above, the clinical ¢ff@t smoking are singular and unique in
their own manner as smoke-induced disease progressilikely to present minor BOP
measurements, but significant CAL and PD changeklitddnally, nicotine is not the only
chemical compound negatively influencing periodbnissues as the role played by AhR
ligands in bone destruction has been confirmedffardnt studies? %49

As there is evidence of RANKL-induced tooth-sugipgy tissue destruction, there is
also evidence of smoke-induced oxidative stressezhmainly by an increased generation of
reactive oxygen species within gingival tisstf@sScreening tests for markers of DNA (8-
Hydroxy-2-deoxyguanosine (8-OHdG), lipid (malondialdehydeD@) and protein (C-
reactive protein (CRP) oxidation have been comp#wdatie smoking status of periodontally

diseased patients, as well as the formation ofogiokant compounds, such as superoxide
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dismutase (SOD), catalase (CAT) and glutathionexpease (GSH-Px). Malondialdehyde is
widely accepted as one of the most representaioradykers for lipid peroxidation reflecting
the presence of oxidative stress within differeéssues. Tonguc and colleagtiésscreened
the oxidative profile in gingival and serum samgiesn 65 patients with different smoking
status and periodontal conditions. They have fowghificant correlations between
periodontal parameters, smoking-related parametacsjncreased MDA levels both in blood
and local tissue¥® Their findings agree with the results from anotoemparative study
showing that the combination of periodontal diseasth smoking have demonstrated
significantly higher MDA concentrations in companswith the non-smoking controté’
This pattern of higher lipid peroxidation markenshlood, saliva and gingival samples is in
accordance with the current available evidelie&Has already confirmed in previous
studiest?>12° poth smoking and periodontal disease affect Ctnemagrotein levels in a
separate manner. Nonetheless, a small number diestevaluated the effects of the two
conditions combined on the level of the protein dgenmarker. A recent retrospective cohort
data collection, demonstrated that the effect afopental status on CRP is significantly
influenced by the pack year values (PYV), showihgtta PYV > 30 is significantly
associated with higher CRP levels in periodonfitiientst*® Pack year value is calculated by
multiplying the number of packs of cigarettes smber day by the number of years the
person has smoked. Their findings are in accordaniteanother publication from the same
group, which had observed that smokers with chrpeitodontitis exhibit elevated oxidative
stress compared to non-smokers with chronic pentiia'?®3Even though the 8-OHdAG
levels in patients with chronic periodontitis igficantly increased in comparison with
healthy controls, smoking status does not seenlayp @ role in terms of increasing DNA
damage in whole saliva sampfég3-132Robust evidence on the combined effects of smoking
and periodontal disease on 8-OHdG levels are tddlded as a recent Korean study has
reported a higher odds ratio between periodongitid the DNA damage marker in whole
salival®?

While some studies imply that smoking increasegjigal antioxidant activities as a
result of a protective and adaptive mechanism d@eel in the tissue, even though they are
not capable of reversing smoked-related periodoraktruction, another suggested
mechanism relates smoking habits to a decreasecally and systemically antioxidant
defenses which in turn result in progressive tiskesruction. As an example, the SOD levels
of smokers and non-smokers presenting periodoigahge was compared by Tongug éf&l.

The authors reported insignificant changes in bl&D levels but significantly higher
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gingival SOD levels. Similar findings were found tther authors?®**3*However, in a recent
observational study evaluating the effects of midal treatment on oxidative biomarkers, a
significant interaction between smoking status salivary SOD levels at baseline and after
treatment was reported. Smokers had significantefoveductions in SOD levels after
treatment in comparison with non-smokers and forsneokers. The authors implied cigarette
smoking does influence redox homeostasis and ataiexidant levels in favor of ROS?
Their findings agree with other studi©&In both reports, SOD levels were found
significantly lower in smokers when compared withnrsmokers and, most interestingly,
antioxidant levels of heavy smokers differed fragiht smokers, leading the authors to imply
that tobacco consumption influenced SOD levels dose-dependent manrté?*>The same
pattern is reported by other groups using bloodsatita sample$® Similar discrepancies in
the literature are shared for other antioxidant kew?®12712813%t the current available
evidence seems to confirm a significant reductibmAOC in the combination of periodontal
disease and smokirtg.Additionally, cigarette smoking has been proveraffect neutrophil
function, which stimulates ROS release and oxigattress mediated tissue damé&tje.
Consequently, with the capacity of protection diistired in smokers, it is plausible that the
use of antioxidant compounds that are capable trigaagainst the overproduction of ROS
within this setting should be addressed.

2.3. Obesity

Obesity is considered one of the main public meatincerns with approximately 600
million people suffering with the disease worldwialed 31% of North American adults also
affected. It is usually caused by excessive foddki lack of physical activity, genetic
susceptibility or a combination of those and otfaators, such as endocrine and mental
disorderst® Obesity is characterized by the deposition of ssise or abnormal fat in
adipose tissues and diagnosed according to thedWHe&lth Organization criteria by using
mainly body mass index (BMI), the ratio between yatkight and body height. BMI is
divided into three categories, class | (30.00-3gMY), class Il (35.00-39.99 kghnand
class lll/morbid obesity (>40.00 kgfn Additional measures, such as waist circumference
(WC), waist/hip ratio (WHR) and measurement of suiioeous skin fold can be used for
complementary screenif§3%14%1t is a chronic metabolic disease associated svitclinical
inflammatory response in adipocytes and the release&lipose-tissue-derived hormones and

cytokines (adipokines), which leads to altered hmrah activity, a pro-inflammatory state,
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and, consequently, secondary consequences, sugypasgension, increased cholesterol and
triglycerides levels, insulin resistance, and qwmid oxidative stress. It is also strongly
associated with other chronic diseases, such a®-Zygiabetes, cardiovascular diseases,
osteoarthritis, respiratory disorders, and periditiort3%-14*

There is a strong association between body fasmrements and periodontitf&.One
group analysed longitudinal and experimental stdiely and concluded that, especially in
longitudinal studies (with a follow-up > 20 yearsyerweight, obesity, weight gain, and
increased weight gain may be risk factors for dewelent of periodontiti&*® Additionally, a
systematic review and meta-analysis delineatedptbéle of high BMI subjects as more
likely to present greater mean attachment ¥4 similar pattern of association is also found
between high levels of serum triglycerides and lbigh-density lipoprotein-cholesterol
(HDL) with deepened periodontal pockets in obesiepts *® In terms of clinical periodontal
parameters, there are several clinical trials anmdparative studies relating different levels of
periodontal disease with high BMI. Obese patien¢ésadso described as presenting higher Gl
and gingival bleeding index (GBI) levels when comgoh to non-obese patients with
periodontal diseasé’! Buduneli et al*® found a significantly higher PD and CAL values in
the obese subjects (p < 0.05) and a tendency fowsdive correlation between BMI and
CAL.*® Moreover, a cohort study with over one thousandigpants in Brazil identified a
higher risk for unfavorable periodontal outcomepresented by BOP and CAL, in obese
patients (RR: 1.45Y¥" Those results are in accordance with previousesstitf4°

There is also evidence on the effects of SRP @s®land normal-weight individuals
presenting chronic periodontal disease in term$efbre and after treatment comparison
showing that clinical parameters (Pl, BOP, PD, @Ad.) significantly reduce in both groups,
as well as the expression of pro-inflammatory ciytek (IL-1R3, IL,6 and TNF-), even
though the improvement does not seem to be modifiedbesity:>°'°! In both studies the
sample comprised of mainly class | and Il obesaviddals. Their findings agree with a
meta-review of the literature which have shown mgistent evidence on the response to non-
surgical periodontal therapy in obese patiéttsiowever, studies on the effects of obesity on
periodontal disease show clinical parameters thptave less in obese individuals rather than
in normal-weight periodontitis individuals and indie high BMI as a significant predictor of
periodontal treatment succedd1°3155Gerber et alt?®in a systematic review of the literature
on the effects of obesity on non-surgical periodbitterapy outcomes, noted the subject is
still controversial and that there may be a negatassociation between obesity and

periodontal treatment outcomes, as five out of tegghdies included reported results along
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this line. The authors, however, indicate a poédigtinferior healing response for high BMI
individuals based on their pathophysiological inflaatory model$®® The results from that
study agree with the findings from Gongalves anteagues$®” who have found patients with
obesity presenting lower reductions in periododiaéase after SRP in comparison with non-
obese chronic periodontal disease grbiBimilarly, another systematic review showed no
statistical differences in clinical periodontal reeges after SRP but significant differences in
inflammatory and metabolic parameters in obeseviddals before and after treatment
compared to periodontally health patieltSResults following a similar line were reported in
another recent comparative study.

Obesity is considered to be a modifying factor periodontal disease through the
promotion of a more pro-inflammatory state, whiclaymaffect their susceptibility to
pathogenic bacteria and favor a shift towards ptanaf periodontiti$***Tumour necrosis
factor-a (TNFe) is considered the main candidate connecting hmthditions®® One
proposed model linking obesity to periodontitis aéses the increased secretion of pro-
inflammatory cytokines, especially TNE- that inhibits insulin signaling, causing insulin
resistance and the development of T2DM, which l¢ads hyperinflammatory state, priming
of periodontal tissues, exaggerated response tmat colonization, and finally periodontal
disease destructidi! Additionally, Lundin and colleagu¥8 have found a positive
association between the levels of GCF TéFand high BMI in periodontally healthy
subjects, suggesting that this specific cytokinghhoriginate from another tissue rather than
the periodontium and might affect different struesithan just the adipose tissfieMost
interestingly, one study has shown that the ine@@axpression of TNBE-was detected in
GCF samples of obese children before the developwieperiodontitis was diagnosétf.
Conversely, Saxlin et 3% suggested that not TNgE-serum levels but IL-6 might mediate the
connection between body weight and deepened perialdpocket mainly due to C-reactive
protein expressiotf* Their findings are contradicted by different authavho suggest IL-6
might act as a contributor factor instead of playinmajort®%1%>Nevertheless, even though
the underlying mechanisms relating obesity withiquentitis remain unclear and their
relation is considered bidirectional, high BMI issanificant risk factor for periodontal
disease, suggesting obese subjects have a 35%spdrehance of developing periodontitis,
and chronic oxidative stress might be the commuakietween both conditior?s14°:166

Oxidative stress is characterized as a persistebalance between the release of

highly reactive molecular species (ROS and reactitregen species (RNS) and anti-oxidant
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response®’ As such, the role of obesity in overproduction RDS is consistent in the
literature!®” Obese individuals present an exacerbated inflawmpatesponse facing
microbial threat that leads to an exaggerated ptimtu of ROS, confirmed by a significant,
positive correlation between oxidative markers @l PD, and CAL8"124149.154 Most
interestingly, increased circulating ROS may indgo®gival oxidative stress and potentiate
the onset and/or progression of obesity-inducedigah inflammationt>* Studies tracking the
most relevant oxidative markers in obese subjectsamting different levels of periodontal
disease show that MDA, MPO, protein carbonyl, an@®Hm8IG levels are significantly
increased both systemically (serum) and locallydiyial crevicular fluidf’14°Local markers
for lipid peroxidation (MDA) and for protein carbgation are found to be higher in obese
versus normal weight individuals regardless of riipariodontal status, whereas their total
antioxidant capacity (TAOC) is found diminisheddicating that increased BMI might act as
a periodontitis modifying factd¥. Interestingly, in a prospective clinical study kenaing
tooth alignment in obese and normal-weight orthdidopatients and their markers for oral
inflammation and hormone activity, myeloperoxiddst#O), resistin and leptin levels were
found higher in obese GCF samplé&Their findings agree with other conclusidfi$The
presence of these markers in periodontal samplkesy e the absence of periodontal
infection, could be interpreted as indicative obidirectional intimate connection between
obesity and periodontitis. On one side, those &diy@s excessively secreted into the blood
stream in obese patients help in the establishneénan inflammatory state causing
overproduction of oxide end-products within perioti tissues. Concomitantly, periodontal
infection releases a wide range of pro-inflammataytokines, contributing for the
manifestation of other chronic diseases, such asitd*®

Therefore, obese individuals are statistically ensusceptible to develop periodontal
disease through a continuous inflammatory state ard/per-oxidative environment that
negatively influence the immune response facingogental pathogens. Once the destruction
of the tooth supporting tissues begins, a wide easfgoro-inflammatory cytokines is released

into the blood stream contributing to the expansibboth inflammatory conditions.
2.4. Rheumatoid Arthritis
Rheumatoid arthritis (RA) is a chronic inflammata@autoimmune disease that leads to

joint swelling, joint tenderness, synovial inflamioa and subsequent destruction of cartilage

and bone, leading to severe disability and prereatusrtality!’° The combination of genetic
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and environmental factors, such as smoking anchaldatake, can increase the likelihood of
its development®1’+172Even though some authors state that its etiology @athogenesis
still remain unknowr/® there is some evidence suggesting that genekidattor associated
with environmental triggers can induce moleculaarges to host proteins leading to loss of
immune tolerance through protein citrullinatiti1’#

RA and periodontitis display various pathogenicikinties. These include parallels in
relation to the dysregulation of host immune resgdeading to soft tissue inflammation with
subsequent hard tissue destruction. There areshamed risk factors, including smoking and
excess body weight or obesftyadditionally, early studies indicate that patiemish RA may
have a higher incidence of periodontal diseasevarel versa and the possibility exists that
both conditions result from common underlying patb features, resulting in a strong
association between botfi® Moreover, both diseases have common aspectsrirs tef the
pattern of soft and hard tissue destruction. Whileumatoid arthritis is responsible for
inflammation of the synovial fluid and destructiaf the joints, periodontitis causes
inflammation of the periodontal tissues and borss16

Interestingly, although RA is not considered areatibus disease, it has been shown
that oral bacteria strongly associated with penmiis, such asP. gingivalis and A.
actinomycetemcomitartan be found in the serum of patients with RAhds been postulated
that these microbes could contribute to chronic miade generalized inflammation including
the generation of autoantibodies that might theggér RA. Also, the production of
deamination enzymes 8. gingivaliscauses the citrullination of proteins, furtherunohg
autoantibody formation, which is reported as a lb#ween periodontal infection and the
development or progression of RA.

Patients presenting RA have been compared withRmpatients for the assessment
of their periodontal status. Clinical attachmerdsl@and probing depth have been the most
evaluated periodontal measures used for this casgparwith reports of RA patients
presenting significantly deeper probing depths ah@8 more chances of having
periodontitist”® Kaur and colleague$,in a systematic review of the literature, found 10
studies that made this comparison. Seventy pemfetitem showed a statistical difference
between CAL in non-RA and RA patients with periodbmliseasé€® The analyses also have
indicated an increased tooth loss associated withp&ients when compared against their
non-RA counterparts. Some of the studies includedthis review showed not just a
statistically significant difference but RA patisnpresented with two times more CAL and

almost double chance of showing CAL > 5mm in corigoer with non-RA patients’®1°To
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further highlight their relationship, experimensaldies assessing the effects of periodontal
treatment on biochemical markers for RA have shavatatistically significant improvement
for erythrocyte sedimentation rate (ESR), C-reactpotein, and DAS28 (RA activity
marker) in RA patient&€®!®! Their findings are in accordance with another gtadd a
systematic review%1">182Eyven though some of those studies had relativalgllssamples,
they may represent a significant indicatory trendtearms of a possible RA-periodontitis
relationship and, most importantly, RA additionalatment tools.

The profile of inflammatory cytokines seen in pedoatitis is quite similar to that
found in RA. Specifically, there are persistentighlevels of pro-inflammatory cytokines,
including interleukin (IL)-B, matrix metalloproteinase-8 (MMP-8), and tumourcnosis
factor (TNF)a, and low levels of cytokines which suppress themimoinflammatory
response, such as IL-10 and transforming growttofgd GF){3. Both conditions manifest as
a result of an imbalance between pro-inflammatong @nti-inflammatory cytokine?.
Additionally, there is strong evidence for a coat@En between increased levels of IB-and
the presence of periodontal disease and rheumaitthidtis*® and also showing that salivary
levels of IL-18, TNF-a, and MMP-8 levels are influenced by the disé&$hich represent
the various stages of progression of inflammatesponse in both conditioA¥'

Furthermore, RA and periodontal disease share commaecular pathways within
the RANK/OPG/TRAIL axis, leading to osteoclast difintiation and bone resorptith.
When secreted by activated T cells within the migal joints, receptor activator of nuclear
factork-p ligand (RANKL) is responsible for mediating thenbdestruction in patients with
rheumatoid arthriti$}-?>18 Similarly, in periodontitis, periodontal bone loss highly
dependent on the existence and stimulation of oltsis, which are regulated by the balance
between RANKL and osteoprotegerin (OGPYyith evidence showing a negative correlation
between OPG ratio and periodontal dis¢&%e.

Despite the pro-inflammatory similarities betweef &d periodontitis, both diseases
also share comparable oxidative stress parametess though literature on local and
systemic oxidant levels in their combination idl sitarce>’*8” While hyperactive peripheral
blood PMNs in periodontal patients produce highmeoants of ROS systemically and locally,
neutrophil respiratory burst also occurs in thet®iand synovial fluids of RA patients and
accounts for an excessive production of a widegafdR0S'® As an example, MPO plasma
concentrations, lipid (LPO) and protein peroxidatioarkers are found significantly higher in

RA patients in comparison with healthy controls ame reported to play important roles in
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the pathogenesis of RA%8% Similarly, oxidative damage is accounted for peoiotal
destruction and progression through lipid, pro@id DNA damage, as well as reduction of
the physiological antioxidant defensé$? Interestingly, LPO has been implicated in several
conditions interconnections, such as RA and peritaladisease¥® On a similar line, the
oxidative stress index (OSI) for RA periodontalyngpromised (RA-CP) patients is reported
as significantly higher in comparison with patiepi®senting chronic periodontal disease
only, suggesting that the combined effect of RA gmdiodontitis significantly increased
oxidative stress and its destructive consequeliées.

In spite of the still lacking well-controlled andepresentative clinical studies
evaluating the periodontal consequences of RA aoe-wersa, in terms of their oxidative
patterns, the role played by the imbalance betweemcreased presence of free radicals and
the host’s incapability to protect against perof@a mechanisms is well described in the
current literature for the two conditions sepasatéls two destructive chronic inflammatory
conditions that raise questions whether one ictimsequence or trigger of the other, it seems
quite possible that novel techniqgues and methodscarhparison between RA and
periodontitis will enable clarification of the metisms that link their pathogenesis to not

just separate entities but to a common conditidh wxidative damage in its central axis.

2.5. Concluding remarks

As discussed above, chronic periodontal diseaskighkly prevalent in patients
presenting T2DM, cigarette smoking habits, obestyd/or rheumatoid arthritis. The
literature is consistent in reports on how the akss/conditions aforementioned are not only
associated with more severe periodontitis but Huay tikely have their effects on account of
their ability to upregulate oxidative stress batledlly and systemically, which results in a
sustained redox imbalance that favours diseasergssign. As such, oxidative stress as
a therapeutic target for management of periodsniitil be discussed in the following section
presenting three antioxidant compounds, resveragsi/eratrol derivative-rich Melinjo seed

extract (MSE) and curcumin as adjunctive toolspgerodontal treatment.

3. Oxidative Stress as a Therapeutic Target for Mamgement of Periodontitis.

3.1. Resveratrol and MSE
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Resveratrol (trans-3,40,-5-trihydroxystilbeneisya plant-derived polyphenolic
compound found in the skin of dark-colored graped,wine, berries, and peanits®?is a
natural compound with anti-inflammatory propertigsThere are reports also suggesting its
anti-cancer, cardioprotective and vasoprotectiveces!** as well as improvement of T2DM
control and RA treatment:}® Additionally, the plant polyphenol has been désmdi as an
antioxidant itself, directly acting against ROS greduction and in the reestablishment of
the redox balanc¥. Resveratrol, which is found in two isofornteansresveratrol andis-
resveratrof®® is composed of two phenolic rings that are corewbly a double bond and, as
a natural compound, has been considered as anaditer to synthetic drugs due to the virtual
absence of side effect¥ Melinjo seed extract (MSE) is one of the sourdessveratrol and
presents variants of the compound, suclrassresveratrol, gnetin C, gnemonoside A and
D.%2 In the following section, the effects of resvephtind resveratrol derivative-rich MSE on
chronic periodontal disease and its destructivesequences will be addressed. Additionally,
the main mechanisms through which resveratrol actgevent, control and heal periodontal

tissue destruction will be discussed.

Host response modulation

There are many different mechanisms through whedveratrol acts to control,
prevent and reverse the destructive progressionnfthmmatory conditions, such as
periodontal disease. One of these mechanisms isdpacity to modulate host response
facing an exacerbated inflammation setting. Thenwfation of an oxidative stressed
environment through the exposure of hydrogen pdeoxio human gingival fibroblasts
(HGFs) cultures was performed to evaluate the tffet resveratrol on the control of ROS
production, mitochondrial respiratory capacity, ayde 1 collagen synthesis. Resveratrol
inhibited most effectively free radicals with a ¢@r incubation period in comparison with the
other two tested antioxidants and the mitochondeabiratory modulation induced by the
polyphenol was more pronounced. Most interestiniyilye 1 collagen mRNA expression was
significantly upregulated when resveratrol was adsbered:®® Conversely, using HGFs to
analyze the protective role of resveratrol in rdabe induction of different inflammatory
factors, such as MMP-2 and -9, was strongly reducdtie presence of the compound even
when treated with LP®? Their findings agree with other reports that alswggest
antioxidants may play a role in biological functsoand in both soft and hard tissue turnover

during periodontitis induced oxidative stré€32°°0On the same line, Rizzo and colleagtiés,
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using extracted teeth for orthodontic purposesydated human periodontal ligament cells
(HPLCs) withP. gingivalisLPS in order to simulate periodontal infectioneyHreated the
cultures with resveratrol in different concentrago(25, 50 and 100uM), assessing nitric
oxide (NO) levels and pro-inflammatory cytokinesspense to the administration. The
inhibition of NO production in stimulated HPLCs sted a concentration-dependent gradient.
Most interestingly, secretion of ILBL IL-6, IL-8, IL-12 and TNFe significantly decreased in
comparison with the control group, irrespectiveregveratrol concentratiofi! Conversely,
Chin et al%2%demonstrated a similar disease control pattemnguairesveratrol derivative
(THSG) and a compatible trend was observed for xgatal periodontitis in diabetic
rats?%? In addition, He and colleagu@$ concluded resveratrol prevents RANKL-induced
osteoclastogenesis through the inhibition of RE®. another experimental study, a
significant reduction of IL-17 levels was promotd&y resveratrol. A ligature-induced
periodontitis model in rats was used with daily adstration of resveratrol at a dose of
10mg/kg diluted in water for 30 dag¥. The microbiological analysis of the ligatures uged
this study evaluated the impact of resveratrol e hacterial load of species related to the
periodontium P. gingivalis, T. forsythia and A. actinomycetemitansg). It has been
demonstrated that resveratrol does not promotefitei@ microbiological outcomes of an
experimental model of periodontitis, which reinfesdts role in modulating host respoR$e.
Using a similar experimental model and the samdydadministration, Correa and
colleague¥ combined resveratrol with another antioxidantcaumin, to assess their possible
effects on gingival tissues cytokine levels and ebdwss. The ligated and unligated sides
showed significant reductions in Ilallevels when the plant-derived anti-oxidants were
administered! Their results are in accordance with other repé®Thus, modulation of
cytokine levels and ROS within periodontal tissuesy represent possible mechanisms by
which resveratrol acts on the host response thelefiging to control of initiation and
advancement of periodontal diseds&*

Nuclear Factor erythroid 2 (Nrf2) - related pathway

Another important antioxidant mechanism triggelogdresveratrol is the activation of
the master regulator of antioxidants, nuclear faetgthroid 2-related factor 2 (Nrf2), which
attenuates osteoclastogené8isnodulates intracellular RO%’ inhibits periodontal ligament
cell apoptosi®® and is downregulated in PMNs derived from patiemtth chronic
periodontitis?®® Nrf2 is directly responsible for antioxidant defes and resistance to
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oxidative stres$21%*demonstrating a protective rd®eThe role of Nrf2 levels in periodontal
disease has been investigated over the ye&&rs2%while the positive effects of resveratrol
on Nrf2 levels in different tissugd?'%has also been investigated. However, the effefcts o
resveratrol on the Nrf2 pathway with respect taqumtitis more specifically has yet to be
addressed in detail. Along these lines though, dkednd colleagué$ used
immunohistochemistry to assess the effects of M&ii+ed resveratrol (mainly a source of
the resveratrol dimer; gnetin-c) administrationlewels of Nrf2 protein in an experimental
periodontitis model in rats. Higher levels of imnegtaining for Nrf2 were demonstrated
clearly in the tissue samples taken from the arsnv@ated with MSE. This suggested that
MSE (and by extension resveratrol and/or the regk@rdimer) activated the Nrf2 pathway
and led to downregulation of oxidative stress. Mwe¥, the authors also suggested that
through interaction with the aryl hydrocarbon redoeffor which resveratrol is an antagonist),
not only was the production of ROS reduced, but &QYS that were produced were
subsequently neutralized by resveratrol or the eegrol dimer as well as NrF2 protein-
mediated reduction of 8-OHdt Their findings agree with the results reported llyecs
using similar methodological approacR&sSpecifically; in both studies, in addition to Nrf2
activation, the levels of 8-OHdG were found sigfitly reduced, both local§ and
systemically?!* in the presence of resveratrol. Different repait® showed that the sirtuin 1
(Sirtl)/AMP-activated protein kinase (AMPK) (Sir&MIPK) pathway was triggered by
resveratroP®®?* The sirtl/AMPK pathway has important anti-inflantorg effects,
modulates NFB activity and suppresses oxidative stress, andhimigpresent another
defense pathway induced by the administration ®feeatrol or resveratrol dimet>216

The roles played by Nrf2 pathway, such as thebitibn of fibroblast apoptosis and
osteoclastogenesis, as well as the scavenging &, R@Qve unprecedented and beneficial
clinical implications in relation to diseases tlaaé¢ mediated by oxidative stress and in this
case periodontitis. Therefore, the effects of remvel may suggest that this molecule, and
similar derivatives, can be utilized as a noveladfive tool in the management of chronic
periodontitis, given the demonstrated capacity aftgrtion against periodontitis-mediated

damage and disease progressiin.

Osteoclastogenesis, osteoblast proliferation, AhNRANKL, and bone loss

Given that one of the major structures of thequyntium is bone, anything that has a

beneficial effect on bone-homeostasis and bone (oslteoblast) health should also be
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beneficial in management of periodontitis. In nelatto this, various protective effects of
resveratrol on bone metabolism have been repantéukiliteraturé?*?1’as well as in studies
performed in vitro (see below}® Several studies have investigated their effectsain
ligature-induced periodontitis model, an experimméntodel that effectively induces alveolar
bone loss in rat&:* Using sutures placed around molars, periodonsaadie is induced during
a specific period of time, usually ranging from 4530 days, and then is either removed,
which is considered “conventional treatment”, dt la place in the presence or absence of
the drug aimed to be tested. Usually, the coneedatteeth are used as controls in a split-
mouth design.

Tamakf** divided eighteen male Wistar rats into three gsoap described earlier. The
rats were given resveratrol solutions at a dos#0ofig/kg body weight and were sacrificed
after twenty days of ligature-induced periodontitend the ligatures were not removed,
meaning that the causative factors were still pregantamount to untreated disease). Using
micro-CT scan analysis, it was demonstrated theaetivas decreased periodontal bone loss in
the periodontitis + resveratrol (P + RESV) as coragdo the group that was not treated with
resveratrol (P§*“Thus, even in the absence of “treatment”, resvarateventedperiodontal
disease progression. Similar results were also rteghoby others using morphometric
measurements of alveolar bone loss with standatdigeotographs!?®* In addition,
resveratrol modulated the production of osteoctpstesis-related factors as shown by
significantly decreased IL-17 levels in rat ginditiasues® Most interestingly, resveratrol
antioxidant capacity was demonstrated by signifigareduced levels of 8-OhdG in urine in
the P + RESV group as compared to the P grolelylithrough the activation of
Nrf2/antioxidant defense pathwd These findings agree with other authtfr§©21
Bhattarai and colleagu¥8 used a similar design with a daily subcutaneoyesciion of
resveratrol (5mg/kg concentration) combined wigtopolysaccharide (1ml/mg concentration)
administrated three times per week in male Spr&mweley rats. Using micro-CT scans,
decreased bone mineral density and bone volumelfoutne LPS group were restored in the
presence of resveratrol which also significantlgused alveolar bone loss (p < 0.05) and
inhibited osteoclastogenesis in comparable levals the controls. In addition to
osteoclastogenesis inhibition, Ornstrup and colled§® reported that with resveratrol,
osteoblast cell differentiation was increased anatestrated by increased levels of alkaline
phosphatase (ALP) and OPG, which are both usedi@®alkers for osteoblast cell
differentiation, in mesenchymal stem cells, evethia presence of LP'S® This agreed with

Tamaki et al?'* whereby oxidative stress parameters were alsdiyelgi influenced (i.e.
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reduced) by resveratrol as serum antioxidant SQRigcwas found to be increased when
the compound was applié?f. Those findings suggest resveratrol may modulas¢ fesponse
by controlling the redox state in periodontitis.

A recent study also demonstrafethat not only does resveratrol appear to prevest t
initiation and progression of alveolar bone lossises by periodontitis but also has the
capacity to actuallyeversethe loss of alveolar bone once the disease has dstablished,
and that this occurs even when the triggering fac(e.g. the silk ligatures) have not been
removed. This healing of bone loss or regeneraifqreriodontal tissue occurs even when the
triggering ligatures are still in place suggestmather powerful effect given that by leaving
in the ligatures this essentially represents theivadent of periodontitis having not been
treated from the perspective of debridentéhilo reiterate, even with the ligatures still in
place, periodontal bone regeneration was obséi/Ellis finding, though in accordance with
previous findings suggesting resveratrol positiveliyects periodontal tissues, might be
considered the first report showing that resvetaten mediate actual regeneration and
healing of periodontal lesions as opposed to salehbiting initiation and progression of
periodontal lesion formation. Again, this mightatel to the fact that resveratrol has been
reported to upregulate expression of proteins ithduice osteodifferentiation and osteoblast
cell activity such as bone morphogenetic proteiMfB-2, BMP-7 and osteopontin (OPN).
Having said this, other studies have not necegsajlicated the aforementioned findings as
regards BMP-2%2 Nonetheless, in the study by Casarin and collesjiealvarial defects
were created for bone remodeling assessment inaradsfor investigation of resveratrol
effects on biomechanical retention of implants ethén the tibial bone. They suggested
resveratrol stimulated the early phases of ossifinaand bone maturation as the treatment
group showed higher removal torque force in conspariwith the control®’ In another
study?!® occlusal trauma was induced on maxillaryf tolars in mice by overlaying
composite resin onto their occlusal surfaces. Itddb expression of RANKL was
demonstrated in mice treated with resveratrol leqdo decreased loss of bone as compared
to the control group*®

Using a chick periosteal osteogenesis (CPO) maxdeélthe rat bone marrow stromal
cell model (RBMC), Singl! demonstrated that TCDD (dioxin), a prototypicalRAligand
and agonist, that is analogous to aryl hydrocarbimusd in cigarette smoke, inhibited
osteodifferentiation and therefore bone formationvitro. Using these model systems,
different concentrations of resveratrol were addedthe cultures treated with TCDD,

demonstrating that the negative effects of TCDDi¢tte blocked with the former agent. This
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was demonstrated by assessing the levels of bi@rafér osteogenesis biomarkers, such as
ALP, OPN and bone sialoprotein (BSP) in the presearal absence of TCDD. As expected,
TCDD-mediated inhibition of osteodifferentiation sveeversed by resveratrol in bathvitro
model systems. And since the model systems reledetls derived from wholly unrelated
species, the findings observed with resveratrol 86D (as well as other smoke related
hydrocarbons studied in other experiments) could dien significant credence as
representing generally expected biological effétt©n the same lines, Andreou and
colleague¥ used a rat bone marrow cell (RBMC) osteogenesideinto test another AhR
ligand (benzo[a]pyrene (BaP); this aryl hydrocarlaatually being a component of cigarette
smoke) in combination with LPS derived frdfn gingivalison osteogenesis also with and
without resveratrol. In this case, osteogenesis wassessed using several approaches
including enzymatic, molecular and electrophoretiethods as well as for the formation of
bone nodules that stain red when using Alizarin.Ré@ additive inhibitory effects of BaP +
LPS on nodule bone formation were confirmed. Angas also demonstrated, depending on
how concentrated was the LPS exposure the deleseeifiects of BaP + LPS were attenuated
partially or completely by the addition of resveoht The authors concluded that in addition
to the fact that resveratrol antagonizes AhR atitwait also demonstrated direct anti-
inflammatory effect$?

Another study performed in male Wistar rats assksbe effects of resveratrol in
combination with smoke inhalation (SMK + RESV) dmetrepair of critical-sized bone
defects in calvarial bon€? Histomorphometric analysis showed no statisticalynificant
difference between the SMK + RESV group and costréhese findings could fit with the
notion that the effects of resveratrol, as showthenperiosteal osteogenesis model, could be
most profound during osteodifferentiation. Hené@steodifferentiation is not a requirement
of healing, resveratrol effects would be limitechid said, it was still demonstrated that
MRNA levels of RANKL/OPG were significantly lowen the resveratrol + smoke inhalation
group as compared to those exposed to smokingaititwaland placebo (p = 0.01%¥. Their
results agree with the findings from another recemtly that used a similar model and
showed upregulated levels of SIRT1 and SOD actiasywell as reduced alveolar bone loss
and NADPH oxidase levels in the group exposed fity dagarette smoke inhalation and
resveratrol administratioft? The authors suggest resveratrol might be an addititool in
periodontal treatment, especially in smokers. Tlanes group showed reduction in
periodontitis and rheumatoid arthritis progressiging a rat modet® Periodontitis was

ligature-induced, and RA was induced by immunizaiohrough injections in the tail, fist,
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paw, knee joint, and subcutaneously. Their findisgggest resveratrol modulates serum
levels of rheumatoid factor (RF) and anti-citrudlied protein antibody, which may give
resveratrol effects on disease severity and pregne$® Orally, morphometric analysis
showed a significant higher bone loss in the plaagioup in comparison with the two other
drugs tested (resveratrol and ibuprofen). Intemgbti resveratrol presented no difference in
bone loss when compared with ibuprofen. Theserigglindicate resveratrol might be used to
modulate periodontal destruction and articular dggnaith no related side effects. Human
studies testing the effects of resveratrol on plendal disease are still lacking. Even still, in a
randomized double-blind, placebo-controlled, clitial, T2DM patients presenting chronic
periodontitis were divided into intervention (480Qf@y of resveratrol for 4 weeks) and
control (placebo) groups. Non-surgical periodontedrapy was performed in both groups.
The mean serum levels of fasting insulin and imstésistance were found significantly lower
in the intervention groupersuscontrol group, as well as mean pocket depth (2.8% and
3.38 * 0.5, for intervention and control groupsspectively)!®® The authors suggest
resveratrol supplementation might improve insuégsistance and control periodontal disease
activity. As systemic resveratrol presents poot bi@availability, Kassem and colleagé&s
developed resveratrol-containing microbeads foallteatment of periodontitis. The formula
presented by this research group showed strong adbhesion and a slow rate of resveratrol
release. The authors indicated these microbeadsaadidates for a locally adjunctive
treatment modality for higher intrasulcular drugicentration and no systemic side effeéts.
Even though there is consistent data showing ne afficts with systemically administered

resveratrof-®*

3.2. Curcumin

Curcumin, a plant-derived compound isolated fromed rhizomes ofCurcuma
longa?? is usually used as dietary spice. As the majdveactompound present in the roots
of the turmeric plant, natural curcumin is an egth pseudosymmetric polyphenol
(diferuloylmethane) composed of the mixture of #&recurcuminoids (curcumin,
demethoxycurcumin and bisdemethoxycurcuréth)and has been increasingly investigated
due to its potent anti-inflammatory, anti-microbianti-cancer, and most importantly its
antioxidant propertie€3 Curcumin administration has also been associait veneficial

225

effects on different tissues, such as gkfnungs??® and livef?® with as yet few to no side

effects??’
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Therefore, experimental periodontitis models hbgen used to assess the effects of
curcumin on periodontal tissues, as they effectivddvelop periodontal destruction as has
been done with the other antioxidant resveraffoUsing the experimental ligature induced
periodontitis model in rats as discussed abovealsasbeen induced/modified by the addition
of LPS injections or induction of diabetes (or maecurately hyperglycaemia). Because
natural curcumin presents relatively poor pharmagichl properties, such as poor
bioavailability, high insolubility in water, and stt half-life in plasm&?° several studies have
compared natural curcumin with their chemically mfied analogues or ‘Chemically
Modified Curcumins’ (CMCs), which present betteregtical characteristic€? As such,
studies have been done to study the effects olimircor CMCs in relation to whether these

compounds might also alter the progression anditation of periodontal disease.

Inhibition of NF- kKB activation pathway and host modulation

Activation of the transcription factor nuclear tackappa B (NF«B) is associated
with a hyper-inflammatory state and expression rofipflammatory cytokines, such as IL-
1B, IL-6 and TNFe,??° osteoclastogenesis markers, such as RARKMMP activity*° and
ROS overproductio”®® Even though there are other signaling pathwaysucnin depends
on2Zinhibition of the NF-kB pathway activation is cotsied one of the main mechanisms
through which the natural compound acts to prewaswt control matrix-degrading enzymes
activity,22° RANKL-mediated bone resorptidA’ and exacerbated free radicals rel€dSall
of which have a role to play in periodontal disedsstruction.

Modulation of the immune response through the rgdmicof pro-inflammatory
cytokines was reported in an LPS-induced experiadgr@riodontitis study in rats given daily
doses of natural curcumin in two concentrations €@ 100mg/kg) via oral gavage.
Stereometric analysis showed significant reductionnflammatory infiltrate, as increased
collagen content was observed in rats given botburnin concentration®? On a similar
line, Hu and colleagué® stimulated human gingival fibroblasts (HGFs) with gingivalis
LPS and treated the cultures with curcumin. Prattnent with curcumin resulted in NéB
pathway inhibition and, consequently, downregutatd tissue-destructive mediators through
the attenuation of LPS-stimulated cycloxygenase€&®X-2) expressiof®® Branddo and
colleague$ showed a positive, but a lack of a dose-dependfatts of CMCs on bone

resorption, osteoclastogenesis and TiN¥! However, the results from Hu showed dose-
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dependent effects on HGE% which agrees with the findings from other reskaymups that
showed curcumin produced a marked, dose-depenadleibition of NFkB.?2322° Along the
same line, two additional recent studies alsotiléied a positive effect of curcumin on NF-
KB inhibition, considering it the main mechanism khich curcumin acts in tissue
healing!!2%2

Elburki and colleagué® tested the effects of curcumin administration dRSL
induced periodontitis (repeated injections from LEs8herichia col and diabetes-associated
periodontitis (intravenous tail injections of sti@potocin)??® Parenthetically, it should be
emphasized though that the induction of hyperglygady way of injection of streptozotocin
does not actually produce a model for type 2 dededlthough the latter term; diabetes, will
be used for the sake of convenience from timeme tiOral administration of CMC 2.24 was
performed in hyperglycaemic animals. Significarduetion in bone loss was observed in
both LPS-induced and diabetes-associated periddonthodels, 22.3% and 24.4%,
respectively, with the administration of the curénrmnalog. Additionally, marked reductions
in IL-1B3 (50%), IL-6 (50%), and TNIe- (70%) levels were recorded in the LPS-induced
group, IL-13 “normal” levels were achieved in the diabetes-eisged periodontitis group,
and inhibited NFkB activation levels were comparable to controlsbawth models after
CMC2.24 administration. The authors concluded @MC 2.24 controls both locally induced
and systemically modified periodontal dise&$€?° Conversely, the combination of LPS-
induced and diabetes-associated periodontitis vesstiyely influenced by CMC 2.24 in
terms of IL-B and IL-6 levels, MMP-2, -8, and -9, and bone les®ls. Even though CMCs
did not induce significant effects on connectiv&stie turnover, the authors suggested they
might present beneficial effects on breakdown dfagen and probably bone, thereby having

the potential for use in the treatment of periodbdiseasé?®

Alveolar bone loss prevention and osteoclastogengsnhibition

Utilizing an LPS-induced periodontitis model inganatural curcumin and CMC 2.24
were compared for osteoclast-mediated bone resarptipoptosis, and inflammation. Both
curcumin compounds showed improved inflammation ufeitbn results, as a significant
reduction of inflammatory cell infiltrate was obsged. Interestingly, CMC 2.24, but not
natural curcumin, reduced alveolar bone loss (usiiggocomputer tomograph analysis) and

osteoclastogenesi$? Similar results were found in another study usliggiture-induced
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periodontitis in rats that were administered ndtwarcumin. Even though curcumin
administration was not associated with alveolareblmss prevention through microcomputer
tomograph analysis, the compound suppressed inf@iom increased collagen content and
fibroblastic cells proliferation, and effectivelghibited IL-6 and TNFa gene expression in
periodontal tissueg2 Thus, the beneficial effects of natural curcuneers to be limited to
host response modulation, as the pro-inflammatgtgkine profile demonstrates a benefit
from the administration, whereas “clinical” resultspresented by alveolar bone levels, did
not show improvement in a ligature-induced periddisnmodel. These results are partially
contradicted by Baki#>* who tested the “prophylactic/preventive” effects aurcumin.
Intragastric gavage curcumin administration wasetk#n ligature-induced periodontitis rats
and alveolar bone loss was compared with periotlgrhealthy and compromised groups.
The combination curcumin + periodontitis preserseghificantly lower alveolar bone loss
than non-treated periodontitis (p < 0.0125). Howgegarcumin was not capable of decreasing
alveolar bone loss in comparable levels to thethgaontrols?3* This difference might have
resulted from differences in the measurement teglnibetween studies (standardized
photographsersusmicro-CT scans).

Different studies present heterogeneous methodsh ss discrepancies in drug
presentations, concentrations, type of adminisinatiand data interpretation; thus,
comparisons should be taken carefully. As suclecant study on the effects of curcumin and
piperine, a pepper derivative with putative positieffects on curcumin bioavailability, on
experimental periodontitis in rats was conducf&dBesides the beneficial effects on NIB
inhibition, cellular infiltrate, and collagen conte curcumin treated sites showed significantly
increased bone neoformation using micro-CT anglysespectively of the combination with
piperine. The authors concluded curcumin augmeidgdolar bone repaff? Similarly,
curcumin and piperine combined suppressed ostd¢ogksesis in vitro in periodontal
ligament cell$?” Conversely, another possible synergistic effecs wested (curcumin and
resveratrol combined) by other authors. In a liggdnduced periodontitis model in rats,
morphometric measurements of alveolar bone loswethao statistical difference between
curcumin, resveratrol and both drugs combined, ewgthout “periodontal treatment”,
represented by ligature removalGiven the protective role played by resveratrobone
metabolism, as previously described, similar pesitiresults presented by curcumin
undoubtedly indicate the compound as a promisitegradtive for periodontitis management.
Even though three different human studies havertepoon positive additive effects of a

0.2% loaded curcumin strfg® a 1% curcumin géi® and the combination of curcumin with
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1% ornidazole gé#’ on periodontal parameters after scaling and réanrpng, the sample
size and study design raise questions about thdityednd reliability of the results. Thus, the
current literature is still lacking well controlléahman trials on the subject.

Finally, Zambrano and colleagid&stested the viability and biological effect of lbca
administration of curcumin in a nanoparticle forenghanocurcurmin). Three microliters of
nanocurcumin were administrated twice a week is given LPS (periodontitis) or PBS
(control) injections. After nanocurcumin treatmeatmarked reduction in NKB activation
levels was observed. In addition, the number cdadasts in sections from the hemi-maxillae
treated with LPS/nanocurcumin did not differ frormet PBS-injected group (control).
Furthermore, the bone volume/tissue volume ratowsd no statistical difference when LPS-
injected/nanocurcumin was compared with PBS-inge@soup. Thus, bone resorption was
attenuated by curcumin administration. Finally, tkgperimental periodontitis model
effectively increased PMN counting that was marnkediminished after local curcumin
administration twice a week. No statistical difiece was found in PMN counting between
LPS/nanocurcumin and controls. The authors reféopacal administration of nanocurcumin
as a non-invasive, effective adjunctive tool in toaventional treatment of periodontitis, with
virtual absence of side effeé®.Recently, Chauhan and colleagiisleveloped a curcumin
loaded biodegradable crosslinked gelatin film foarcomin delivery into the periodontal
pockets. The film was able to effectively releasgcamin up to 7 day®® Similarly,
mucoadhesive films containing curcumin-loaded naniges showed 80% of swelling in
oral cavity?®® Swelling is an important characteristic as watssoaption creates a network
within the drug delivery system, entraps the dréignterest and slowly release?® It is
possible that the only trustworthy human trial &aae is the one conducted by Nasra and
colleague¥! with a sample size of twenty subjects. They irgba 2% curcumin-containing
gel into the periodontal pockets of periodontitiatipnts combined with non-surgical
periodontal therapy. The control group comprisediogentitis patients conventionally
treated. Both groups showed significant reductiomsPD, BoP and Pl (p<0.05). The
experimental groups showed higher yet nonsignificaductions in the assessed parameters

attributed to the controlled curcumin release fmignged duratiod?**

3.3. Final Conclusions

Resveratrol and curcumin, as well as their deikeat represent an important step in

the development of new drugs that act in conjunctiath conventional techniques for
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periodontal disease treatment. The studies survdyaeke suggested the two natural
compounds as possible candidates in alternativéoduertal therapies. Initially, both
compounds prevented an exacerbated inflammatotingedhat is characteristic of chronic
periodontal disease. Moreover, they also yieldeféces on the control of established
periodontal infection. Furthermore, in the caseeskveratrol, the polyphenol was described as
capable of reversing the destructive effects ofgdentitis. Thus, even though additional
pharmacological tests are still to be conductedofiih agents, the evolution of the methods
for their delivery (systemic and even local) shomtdduce new paradigms in the management
of periodontal diseases that transcend infectiortirobalone (i.e. by surgical or non-surgical
debridement) in the near future. Current evidemckcates that oxidation plays a significant
role in many human diseases, including period@ntiRintioxidants and upregulation of NrF2-
associated antioxidant and detoxification enzymehaece cytoprotective effects by
decreasing inflammation downstream of oxidativeugsdamagé ?°° Accordingly, therapies
that increase antioxidants and/or antioxidant #gtimay be viable additions to current
approaches related to both the prevention andmesdt of periodontitis, as well as other

diseases of oxidative stress.
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DISCUSSAO - ARTIGO 2

O estabelecimento de um ambiente sistémico caizadle pelo estresse oxidativo
pode causar uma condi¢do pro-inflamatoria exageyadaé o centro de uma ampla gama de
distirbios metabdlicosqueapresentam padrdes desgutomo sua consequéntétaEsses
distarbios multifatoriais sdo complexos (que inoluediabetes, obesidade e artrite
reumatoide) e compartiham as espécies reativas de oxigénioee subsequente
desequilibrio antioxidante como uma caracteristoemum para seu desenvolvimento e
progressad?>® Assim, estabelecer uma conex&o entre esse grugoemhgas, sua correlacio

com a doenca periodontal grave e suas semelhar¢aslpmatorias € de grande valor.

Diabetes Mellitus tipo 2 (DM tipo 2)

Dentro do amplo espectro de condi¢cdes secund@lmsonadas a Diabetes Mellitus
tipo 2, a doenca periodontal crénica € consideradaexta complicacdo diabética,
desempenhando um papel bidirecional com o distdmgtabdlico cronicé? A relagéo entre
niveis glicémicos alterados e periodontite é amplam estabelecida na literatdf&>°®
Ambas sdo doencas cronicas e inflamatérias que aitham fatores de risco comuns e
interagem mutuamente entre si, apresentando auntentestresse oxidativo e liberacéo
exacerbada de mediadores pré-inflamatétié®arametros como a hemoglobina glicada
(HbA1C) correlacionam-se positivamente com biomdweas inflamatérios orais e atividade
polimorfonuclear, progressdo da doenca e probabiéicHe desenvolver periodonfit€? De
um lado, os mecanismos de defesa imunoldgica dasmies sistemicamente afetados por
DM tipo 2 ndo conseguem agir contra a agressaoolmama, particularmente devido a um
perfil bacteriano mais patogénico nesses sujetolgpsando os tecidos circundantes dos
dente® Por outro lado, os parametros da doenca perioklootano profundidade de
sondagem (PD), perda de insercao clinica (CAL)gsamento a sondagem (BoP) e indice de
sangramento gengival (ISG) sdo afetados negativienyeia hiperglicemia cronica e pela
disfuncéo das células®®Rovai et al% em reviséo sistematica da literatura, demonsttmu g
o tratamento periodontal ndo-cirdrgico de pacientes DM tipo 1 e DM tipo 2 melhorou
significativamente o CAL e reduziu os niveis derd@eperiodontdl® Além disso, a relacéo
mutua entre periodontite e DM tipo 2 é destacadaléenentes relatorios concluindo que o

tratamento periodontal resulta em uma respostaiyg&m niveis glicémicos previamente
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aumentados e em niveis de estresse oxidativo sisté&m pacientes diabéticos, concluindo
quea resisténcia a insulina e a funcdo de célulasefadas podem predizer a progresséo e
severidade da doenca periodontal crorica.

Um grupo representativo de mecanismos estimuladdie estresse oxidativo e
marcadores antioxidantes foi analisado e propasteocdesempenhando papéis importantes
na patogénese do DM tipo 2 e em sua interagcdo caloeaca periodontal. Avaliando
produtos finais de oxidacao de proteinas, de DNAdadipidios, marcadores antioxidantes ou
mecanismos antioxidantes enzimaticos, atraveésilizagéo diferentes métodos de analise, a
literatura corrente tem estabelecida uma ligacawistente entre ambas as desordens em
termos de producdo de espécies reativas de oxig&gas caminhos oxidativei€1e

Tabagismo

Embora tenham sido atribuidos diferentes mecarsispgbos quais o fumo afeta a
progressao da periodontite, uma teoria definitive @xplica esse processo ainda ndo esta
clara. Um dos mecanismos sugere uma mudanca naos@@p da microbiota para uma
altamente patogénica dentro dos tecidos periodonfai tabagismo também tem sido
relacionado a uma alteracdo na migracdo de ndogdd disfuncdo de sua quimiotaxia,
levando a uma resposta imunoldgica deficiente drenameaca microbiana. Além disso, o
habito de fumar pode levar a uma mudanca na atigidas neutrofilos para um estado mais
hiperativo, 0 que aumenta a liberacao de citogmasnflamatorias e a producao de espécies
reativas de oxigénio através darst respiratorio mitocondrial, seguida pela destruigas
tecidos gengivai%’®°

A literatura ainda € controversa em relacdo aoilpeef biomarcadores do fluido
crevicular gengival (GCF) de fumantes que apreserdaenca periodontal. Enquanto a
maioria dos estudos relata um efeito depressivtaldagismo na expresséo de citocinas pro-
inflamatorias, outros néo relatam diferencas sicgtivas e até um aumento no perfil de
citocinas em fumante$.Ao avaliar o GCF, Tymkiw e colegdsncontraram diminui¢do das
citocinas pro-inflamatérias (IL @, IL-6) e perfis de quimiocina$. Da mesma forma, os
fumantes néo apresentaram diferenca estatisticamsgmificativa na expresséo de I1[3;1L-

6 e TNFa no fluido de sulco peri-implantar quando compasados ndo fumanté$.Este
pode ser o reflexo dos efeitos imunossupressoresltligismo que, por sua vez, podem

aumentar a suscetibilidade a destruicaoperi-imptarEmbora TNFx e a IL-13 sejam
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secretados por mecanismos semelhantes, § had parece ser influenciada pelo tabagismo
em pacientes com periodontlf&sses achados sdo contraditos pelos resultados e &l’3
Adicionalmente, a interleucinaB1(IL-13) estimula a reabsorcdo éssea, inibe a formacéo
Ossea e € considerada ainda mais potente do quBFeaTem termos de efeitos no
metabolismo 6sseo. Da mesma forma, uma andlisegtessao linear multipla mostrou
correlacdes significativas entre os niveis de it no fluido crevicularde tabagistas. Além
disso, Giannopoulou e colegas analisaram amostr&Cd e observaram associagcdes entre 0
tabagismo e as quantidades totais de IL-6 e IL# néio com os niveis de I3-1* Esses
achados est&o de acordo com estudos subseq(ientes.

Os niveis da enzima superoxido dismutase(SOD) utearites e ndo fumantes
apresentando doenca periodontal foram comparadosgmguc et al® Os autores relataram
alteracdes insignificantes nos niveis sanguinedSQ@Ie, mas niveis significativamente mais
altos de SOD gengival. Achados semelhantes forazongrados por outros autorés® No
entanto, em um estudo observacional recente adalias efeitos do tratamento periodontal
sobre biomarcadores oxidativos, uma interacao fgigtiva entre o status do tabagismo e os
niveis de SOD salivar no inicio e apds o trataméuitoelatada. Fumantes tiveram reducgdes
significativamente menores nos niveis de SOD apgés@mento em compara¢ao com 0s nao-
fumantes e ex-fumantes. Os autores sugeriram qtabagismo influencia a homeostase
oxidativa e altera os niveis de antioxidantes erarfdas espécies reativas de oxigéfiBeus
achados concordam com outros estudés.

Em ambos os relatos, os niveis de SOD foram eraxod significativamente menores
em fumantes quando comparados a nao fumantes eai® imeressante, 0s niveis
antioxidantes de fumantes pesados diferiam dosritesdeves, levando os autores a inferir
que o consumo de tabaco influencia os niveis de 88Maneira dose-dependef& O
mesmo padrdo € relatado por outros grupos usandusta®m de sangue e salffa.
Discrepancias semelhantes na literatura s&o coithpdds por outros marcadores
antioxidante$?8* mas as evidéncias atuais disponiveis parecem rewafiuma reducio
significativa da capacidade total anti-oxidativ@(JC) na combinacao de doenca periodontal
e tabagism&® Além disso, foi comprovado que o tabagismo afefangdo neutrdfila, que
estimula a liberacdo de espécies reativas de arigénconsequentemente,a mediacao do
estresse oxidativo. Com a capacidade de protegaimuida em fumantes, € plausivel que o
uso de compostos antioxidantes que sdo capazegirdsoatra a superproducdo de espécies
reativas de oxigénio dentro deste cenério devatsedado.
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Obesidade

Existe uma forte associacdo entre as medidas miirgocorporal e a periodontft.
Um grupo analisou apenas estudos longitudinais pergwentais e concluiu que,
especialmente em estudos longitudinais (doftow-up> 20 anos), sobrepeso, obesidade,
ganho de peso e aumento de peso podem ser fa®rascd para o desenvolvimento de
doenca periodont&l. Além disso, uma revisdo sistematica com meta-sméklineou o perfil
de individuos com IMC elevado como mais propensaprasentar maior media de perda
clinica de inserca®® Um padrdo semelhante de associacdo também ¢ emmmeintre altos
niveis de triglicerideos séricos e lipoproteindtdedensidade (HDL) com bolsas periodontais
aprofundadas em pacientes obé$d&mn termos de parametros clinicos periodontaistexi
diversos ensaios clinicos e estudos comparatiMasisaando diferentes niveis de doenga
periodontal com IMC elevado. Pacientes obesos tamd#o descritos como apresentando
maiores indices de indice de sangramento gendg®@l) (quando comparados a pacientes nao
obesos com doenca periodontal. Buduneli & ahcontraram valores significativamente mais
elevados de profundidade sondagem (PD) e perdasgecéo clinica(CAL) nos individuos
obesos (p <0,05 ) e uma tendéncia para uma cdicelagsitiva entre IMC e CAP° Além
disso, um estudo de coorte com mais de mil paantgs no Brasil identificou um risco maior
de desfechos periodontais desfavoraveis, reprekenf@or sangramento a sondagem e perda
de insercao clinica, em pacientes obesos (RR:.9145ses resultados estdo de acordo com
estudos anterioré$:>

A obesidade é considerada um fator modificadodalenca periodontal através da
promocao de um estado mais pré-inflamatério, quie @etar sua suscetibilidade a bactérias
patogénicas e favorecer uma mudanca para o deseneoto da periodontit¥O fator de
necrose tumorak (TNF-a) é considerado o principal candidato conectanddasmas
condigdes® Um modelo proposto ligando a obesidade a peridgotéscreve o aumento da
secrecdo de citocinas pro-inflamatoérias, especiaiene TNFe, que inibe a sinalizacado da
insulina, causando resisténcia a mesma e o deséneoto do DM tipo 2, estado pro-
inflamatorio, priming de tecidos periodontais, resposta exagerada aizaf@o microbiana,
e, finalmente, destruicdo dos tecidos periododtaidlém disso, Lundin e colegHs
encontraram uma associagao positiva entre os rdeelsNFaem fluido crevicular gengival e

alto IMC em individuos periodontalmente saudaveigjerindo que este citocina especifica
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pode originar-se de outro tecido em vez do peritmlenpode afetar estruturas diferentes do
que apenas o tecido adipdémteressantemente, um estudo mostrou que o aunuEnto
expressdo de TNE&- foi detectado em amostras de GCF de criancas ®bas@s do
diagndstico de periodontit®.Por outro lado, Saxlin e col.sugeriram que ndo os niveis
séricos de TNFx, mas de IL-6poderiam mediar a conexdo entre o pegmwral e a bolsa
periodontal profunda, principalmente devido a esgfie da proteina C-reati¥fa.Seus
achados sao contraditos por diferentes autoresugerem que a IL-6 pode atuar como um
coadjuvante e ndo como papel princialNo entanto, embora os mecanismos subjacentes
que relacionam a obesidade a periodontite permaneiggertos e sua relagdo seja
considerada bidirecional, o IMC elevado é um faterrisco significativo para a doenca
periodontal, sugerindo que os individuos obesos 8% de chance aumentada de
desenvolver periodontite, sendo que o estressatdxadcronico pode ser o elo comum entre
as duas condigoes!192

A presenca de diversos marcadores em amostrasi@aiais, mesmo na auséncia de
infeccdo periodontal, poderia ser interpretada camoindicativo de uma conexao intima
bidirecional entre obesidade e periodontite. De lado, essas adipocinas secretadas em
eXcesso ha corrente sanguinea em pacientes olpgdamano estabelecimento de um estado
inflamatorio, causando superproducéo de produt@ssfioxidativos nos tecidos periodontais.
Concomitantemente, a infeccdo periodontal liberaa uampla gama de citocinas proé-
inflamatorias, contribuindo para a manifestacdo algras doencas cronicas, como a
obesidadé®Portanto, individuos obesos sdo estatisticamenie suacetiveis a desenvolver
doenca periodontal através de um estado inflansatntinuo e de um ambiente hiper-
oxidativo, influenciando negativamente a respostane frente a patdogenos periodontais.
Uma vez iniciada a destruicdo dos tecidos peri@sntuma ampla gama de citocinas pro-
inflamatorias é liberada na corrente sanguineatribamdo para a expansao de ambas

condi¢des inflamatérias.

Artrite reumatdide (AR)

A artrite reumatéide(AR) e a periodontite apreaenvarias semelhancas patogénicas.
Elas incluem desregulacdo da resposta imune deetlesp, levando a inflamacgéo do tecido
mole com subsequente destruicdo do tecido durdoeetade risco compartilhados, como
tabagismo e excesso de peso corporal ou obesitfalém disso, estudos iniciais indicam
que pacientes com AR podem ter uma maior incidémeidoenca periodontal e vice-versa,
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sendo que existe a possibilidade de ambas as éasdiesultarem de patologias subjacentes
comuns, resultando em uma forte associacdo entrasafft Além disso, ambas as condigdes
tém aspectos comuns em termos do padrdo de déstectecidos moles e duros. Enquanto
a artrite reumatoide é responsavel pela inflamad@idiquido sinovial e destruicdo das
articulacées, a periodontite causa inflamacéo ecigas periodontais e perda 6s¥€a.

Pacientes com AR foram comparados com pacientesAét para a avaliacdo de seu
estado periodontal. A perda de insercdo clinica produndidade de sondagem foram as
medidas periodontais mais avaliadas para esta caggmom relatos de pacientes com AR
apresentando profundidade de sondagem significaimiee mais profunda e 4,28 mais
chances de apresentar periodorfiteKaur e colega&* em reviséo sistematica da literatura
com 10 estudos fizeram essa comparacédo. Setentaepiar deles mostraram uma diferenca
estatistica entre a CAL em pacientes com apenag AR com doenca periodontaf. As
andlises também indicaram um aumento da perdar@emtssociada a pacientes com AR
guando comparados com seus pares sistemicamenti@veai Alguns dos estudos incluidos
nesta revisdo mostraram nao apenas uma diferetgtstesamente significativa, mas os
pacientes com AR apresentando duas vezes mais Cflase o dobro de chance de mostrar
CAL> 5 mm em comparacdo com pacientes ndo sen® ™R’ Para destacar ainda mais sua
relacdo, estudos experimentais avaliando os efestostratamento periodontal sobre
marcadores bioquimicos para AR mostraram uma neeléstatisticamente significante para
velocidade de hemossedimentacdo (VHS), proteinga@va e DAS28 (marcador de
atividade de AR) em pacientes com doehte$!! Seus achados estio de acordo com outro
estudo e uma revisdo sistematitaEmbora alguns desses estudos tivessem amostras
relativamente pequenas, eles podem representartemdéncia indicativa significativa em
termos de uma possivel relacado de periodontite eaB8m como ferramentas adicionais de
tratamento da doenca degenerativa.

Apesar das semelhancas pro-inflamatorias entree ARriodontite, ambas as doencas
também compartilham parametros de estresse oxidatiwmparaveis, embora a literatura
sobre niveis de oxidantes locais e sistémicos eancembinacio ainda seja escadsdat’
Adicionalmente, apesar da falta de estudos clin@a controlados e representativos que
avaliem as consequéncias periodontais da AR ewars, em termos de seus padroes
oxidativos, o papel desempenhado pelo desequilémiiee 0 aumento da presenca de radicais
livres e a incapacidade do hospedeiro de protegdivecesses mecanismos destrutivos é bem
descrito na literatura atual para ambas condigdeso duas entidades inflamatdrias crénicas

destrutivas que levantam questdes sobre se unt@dm/saquéncia ou a provocadora da outra,
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parece bastante possivel que novas técnicas e sé@edomparacao entre AR e periodontite
possibilitem o esclarecimento dos mecanismos qgemlisua patogénese nao apenas a

entidades separadas, mas a uma condicdo comumatunoxidativo em seu eixo central.

Resveratrol

A modulacdo dos niveis de citocinas e espécieivasade oxigénio nos tecidos
periodontais pode representar possiveis mecanipglos quais resveratrol atua na resposta
do hospedeiro, levando ao controle da iniciacdo avdnc¢o da doenca periodontal.Os papéis
desempenhados pela via Nrf2, como a inibicdo daptepe de fibroblastos e
osteoclastogénese, bem como a eliminacdo de espéaitvas de oxigénio, tém implicacdes
clinicas inéditas e benéficas em relacdo a doemeaadas por estresse oxidativo e, neste
caso, periodontite. Portanto, os efeitos do conmpastural resveratrol podem sugerir que
essa molécula, e derivados similares, possa s$eadé como uma nova ferramenta adjunta
no tratamento da periodontite crénica, dada a t@d@ae demonstrada de protecdo contra
danos mediados por progresséo da doenca periodontal

Singht!® demonstrou que o TCDD (dioxina), um ligante e agjarprototipo de AhR,
que € andalogo aos hidrocarbonetos encontrados n@acéu do cigarro, inibiu a
osteodiferenciacdo e, portanto, a formacdo Os$sewitro. Diferentes concentracfes de
resveratrol foram adicionadas as culturas tratadas TCDD, demonstrando que os efeitos
negativos da TCDD poderiam ser bloqueados com otagmterior. Isso foi demonstrado
pela avaliacdo dos niveis de biomarcadores de gi&tese, tais como ALP, OPN e
sialoproteina 6ssea (BSP) na presenca e auséndi€@b. Como esperado, a inibicdo da
osteodiferenciacdo mediada por TCDD foi revertiddo pesveratrol em ambos os sistemas
modeloin vitro.!*>Na mesma linha, Andreou e coletfdsisaram um modelo de osteogénese
de células da medula 6ssea de rato para testar lgente de AhR (benzo [a] pireno (BaP),
este hidrocarboneto realmente sendo um componanfienth¢ca do cigarro) em combinacéo
com lipopolissacarideos (LPS) derivados Begingivalisia osteogénese com e sem
resveratrol. Neste caso, a osteogénese foi avalisdado varias abordagens, incluindo
métodos enziméticos, moleculares e eletroforétibes) como para a formagdo de nodulos
0sseos que mancham-se de vermelho ao usar o verahelhlizarina. Os efeitos inibitorios
aditivos de BaP + LPS na formacédo 6ssea dos nédotas confirmados, sendo também
demonstrado, dependendo de quao concentrada fapa@siedo ao LPS, que os efeitos

deletérios de BaP + LPS foram atenuados parcialcampletamente pela adicdo de
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resveratrol. Os autores concluiram que, além dodatresveratrol antagonizar a ativacdo do

AhR, também demonstraram efeitos diretos anti+imftgrios'’

Curcumina

Modelos experimentais de periodontite tém sidbzatios para avaliar os efeitos da
curcumina nos tecidos periodontais, assim como diglm feito com resveratrol, pois eles
efetivamente desenvolvem destruicdo perioddftalUsando o modelo experimental de
periodontite induzida por ligadura em ratos, a gaehmodificada pela adigdo de injecdes de
LPS ou inducdo de diabetes (ou, mais precisamamdegcao de hiperglicemia). Como a
curcumina natural apresenta propriedades farmaca®gelativamente fracas, como baixa
biodisponibilidade, alta insolubilidade em aguaigameia-vida no plasna’ varios estudos
compararam a curcumina natural com seus analogdgicados quimicamente(CMCs), que
apresentam melhores caracteristicas quimicas. Galmestudos tém sido feitos para estudar
os efeitos da curcumina ou CMCs em relacdo patltéaage esses compostos também podem
alterar a progresséao e/ou o inicio da doenca partad

A ativacao do fator de transcricao fator nucked (NF-kB) esta associada ao estado
hiperinflamatério e a expressio de citocinas pflésimatorias, como IL-A, IL-6 e TNFa,11°
marcadores de osteoclastogénese, como a RANKIa atividade de MMBEC e a
superproducdo de espécies reativas de oxigéniookantitaja outras vias de sinalizagdo nas
quais a curcumina depentfd,a inibicdo da ativacdo da via MB é considerada um dos
principais mecanismos pelos quais 0 composto Hatitea para prevenir e controlar a
atividade de enzimas degradantfgeabsorcdo dssea mediada por RANKLe a liberacdo
exacerbada de radicais livrg§,todos os quais desempenham um papel na destruicdo
caracterizada pela doenca periodontal.

Nessa linha, a administracdo oral de CMC 2.24 realizada em animais
hiperglicémicos. Uma reducédo significativa na peédaea foi observada em modelos de
periodontite induzida por LPS e associada a diah8®&3% e 24,4%, respectivamente, com a
administracdo do analogo de curcumina. Adicionatmerducdes acentuadas nos niveis de
IL-1B (50%), IL-6 (50%) e TNFx (70%) foram registradas no grupo induzido por LPS.
Niveis IL-18 “normais” foram alcancadosno grupo com periodergissociada ao diabetese
os niveis de ativacdo do NB inibidos foram comparaveis aos controles em andsos

modelos apds a administracdo do CMC2.24. Os autoreguiram que a CMC 2.24 controla
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a doenca periodontal localmente induzida e modificsistemicamenté!!1°Por outro lado,
a combinacdo de periodontite associada a LPS etdmloi positivamente influenciada pela
CMC 2.24 em termos de niveis de IL-1 e IL-6, MMR -2 e -9 e niveis de perda 0ssea.
Embora as CMCs néo tenham induzido efeitos sigtifios no turnover do tecido
conjuntivo, os autores sugeriram que poderiam aptas efeitos benéficos na destruicdo do
coladgeno e provavelmente do 0sso, tendo, portgaiencial para uso no tratamento da
doenca periodontal®

Diferentes estudos apresentam métodos heterogémenso discrepancias nas
apresentacoes das drogas, concentragdes, tipadndeisiracdo e interpretacdo dos dados.
Assim, as comparagdes devem ser tomadas com cui@adw tal, um estudo recente sobre
os efeitos da curcumina e piperina, um derivadpidenta com possiveis efeitos positivos
sobre a biodisponibilidade da curcumina, na pentitl experimental em ratos foi
conduzidd'!® Além dos efeitos benéficos sobre a inibicdo dokBE-infiltrado celular e
colageno conteudo, os sitios tratados com curcunmmestraram neoformacdo Ossea
significativamente aumentada usando analise de orli@; independentemente da
combinacdo com piperina. Os autores concluiram gueeparacdo Ossea alveolar foi
aumentada pela curcumitd.Em um modelo de periodontite induzida por ligademaratos,
as medidas morfométricas da perda 0ssea alveaamoétraram diferenca estatistica entre a
curcumina, o resveratrol e as duas drogas comlsnadesmo sem tratamento periodontal,
representado pela remocgédo da ligadfirBiante do papel protetor do resveratrol em ratos
atraveés do seu papel no metabolismo 6sseo, connatdenteriormente, resultados positivos
semelhantes apresentados pela curcumina indiskcoémée indicam o composto como uma
alternativa promissora para o tratamento da penitteo

Apesar de trés estudos humanos diferentes tetatade efeitos aditivos positivos de
uma tira de curcumina com concentracao de 0,2%gelrde curcumina a 1% e a combinacéo
de curcumina com ornidazol a 1% nos parametrog@miais apdés o escalonamento e
planejamento radicular, o tamanho da amostra edeloalo estudo levantam questdes sobre
a validade e confiabilidade dos resultados. Assirliteratura atual ainda carece de ensaios

humanos bem controlados sobre o assunto.

Conclusobes

Portanto, o resveratrol e a curcumina, assim ceeus derivados, representam um

importante passo no desenvolvimento de novos farmgoe atuam em conjunto com as
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técnicas convencionais de tratamento da doencgadoertial. Os estudos pesquisados sugerem
os dois compostos naturais como possiveis cangidgitoterapias periodontais alternativas.
Inicialmente, ambos os compostos impediram um @enaflamatorio exacerbado que é
caracteristico da doenca periodontal cronica. Atkeso, eles também produziram efeitos
sobre o controle da infec¢do periodontal estal#dedlém disso, no caso do resveratrol, o
polifenol foi descrito como capaz de reverter cate$ destrutivos da periodontite. Assim,
embora testes farmacolégicos adicionais ainda deseamrealizados para ambos os agentes, a
evolucdo dos meétodos para sua entrega (sistémiede elocal) deve produzir novos
paradigmas no manejo das doencas periodontaisrgascéndam o controle da infeccao
isoladamente (por raspagem e alisamento radiclilarasum futuro préximo. A evidéncia
atual indica que a oxidacdo desempenha um papelfisigivo em muitas doencas humanas,
incluindo a periodontite. Os antioxidantes e a l&gAD positiva das enzimas antioxidantes e
desintoxicantes associadas a NrF2 aumentam ososfeitoprotetores ao diminuir a
inflamacgdo derivada dos danos oxidativos tecidii@iensequentemente, as terapias que
aumentam a atividade antioxidante podem ser adigdégeis as abordagens atuais
relacionadas a prevencdo e tratamento de perideloriiem como outras doencas de

cunhooxidativo.
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CEP em 20/12/2016 no parecer n° 1.878.772.

Consideragoes sobre os Termos de apresentagao obrigatoria:

Todos os termos foram apresentados.

Conclusdes ou Pendéncias e Lista de Inadequagoes:

Todas as pendéncias foram atendidas adequadamente.

Enderego: Av.Ipiranga, 6681, prédio 50, sala 703

Bailrro: Partenon CEP: 50.619-900
UF: RS Municiplo: PORTO ALEGRE
Telefone: (51)3320-3345 Fax: (51)3320-3345 E-mail: cep@pucrs.br
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Continuagio do Parecer: 1.899.120
Consideragoes Finais a critério do CEP:

O CEP-PUCRS, de acordo com suas atribuigbes definidas na Resolugéio CNS n® 466 de 2012 e da Norma
Operacional n® 001 de 2013 do CNS, manifesta-se pela aprovagéo do projeto de pesquisa proposto.

Este parecer foi elaborado baseado nos documentos abaixo relacionados:

Tipo Documento Arquivo Postagem Autor Situagio
InformagBes Bésicas| PB_INFORMAGOES_BASICAS_DO_P | 22/01/2017 Aceito
do Projeto ROJETO_798232.pdf 18:47:09
Outros CartaRespostaPendencia220117 pdf 22/01/2017 |Marcio Lima Grossi Aceito

18:40:44
Outros LattesPesquisadores.pdf 22/01/2017 |Marcio Lima Grossi Aceito
18:40:16
Qutros TCUDassinadotodos.pdf 22/01/2017 |Marcio Lima Grossi Aceito
18:39:12
Outros CartaAoRevisor.pdf 0712/2016 |Marcio Lima Grossi Aceito
20:53:16
Qutros AutorizacaoUsoArquivosDependenciasL| 07/12/2016 |Marcio Lima Grossi Aceito
aboratorio.pdf 20:51:05
Folha de Rosto FolhadeRostoProjetoFabio.pdf 05/10/2016 |Marcio Lima Grossi Aceito
08:55:19
Outros Autorizacaodeusodearquivodados.pdf 25/09/2016 |Marcio Lima Grossi Aceito
10:53:21
Outros Ataqualificacaoodoutorado.pdf 25/09/2016 |Marcio Lima Grossi Aceito
10:51:36
Cronograma Cronograma.pdf 25/09/2016 |Marcio Lima Grossi Aceito
10:50:53
Orgamento OrcamentoAssinado.pdf 25/09/2016 |Marcio Lima Grossi Aceito
10:38:59
Declaragéo de CartaAprovacaoComissaoCientificaOdo | 25/09/2016 |Marcio Lima Grossi Aceito
Instituigéio e ntologia.pdf 10:33:41
Infraestrutura
Projeto Detalhado / | DocumentoUnificadodoProjetodePesqui | 25/09/2016 |Marcio Lima Grossi Aceito
Brochura sa.pdf 10:32:53
| Investigador
Situagao do Parecer:
Aprovado
Necessita Apreciagao da CONEP:
N&o

Enderego: Av.lpranga, 6681, prédio 50, sala 703

Bairro: Partenon CEP: 90.619-900
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Continuagio do Parecer: 1.869.120

PORTO ALEGRE, 26 de Janeiro de 2017

Assinado por:
Denise Cantarelli Machado
(Coordenador)
Enderego: Av.lpiranga, 6681, prédio 50, sala 703
Balrro: Parnenon CEP: 50.619-900
UF: RS Municiplo: PORTO ALEGRE
Telefone: (51)3320-3345 Fax: (51)3320-3345 E-mail: cep@pucrs.br
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ANEXO B — E-mail de convite para publicacdo no @éico Periodontology 2000. Artigo 2.

From: Scannapieco, Frank <fasl @buffalo.edu>

Sent: Wednesday, January 17,2018 9:55 AM

To: Howard Tenenbaum

Subject: Invitation to author a paper for Periodontology 2000

Dear Dr. Tenenbaum,

I am organizing an issue of Periodontology 2000 on “Prevention of Periodontal Disease”. In considering a logical list of topics to be included, I think it
necessary to include an article that broadly addresses “Oral agents that alter oxidative stress to prevent periodontal disease”

As I know you are very knowledgable on this topic, I would be happy if you would agree to accept my invitation to write such a manuscript, with the
understanding that you would be welcome to customize the title and subject as you feel appropriate. Also, you are welcome to invite colleagues to co-
author, or mentor a student or post-doc to serve as the primary author.

Please be aware that the deadline for a first draft is January of 2019.

I attach the tentative Table of Contents, FYI. Note that Wim Teughels (wim.teughels@kuleuven.be) is authoring a chapter on oral rinses that will
include natural products. Please feel free to contact him or any other of the authors to minimize duplication of content.

I very much appreciate that you are considering this invitation. I would be happy to discuss this with you further if you wish.
Sincerely,
Frank

Frank A. Scannapieco, DM.D., Ph.D.

Professor and Chair

Department of Oral Biology

Associate Dean for Faculty and Professional Development
School of Dental Medicine

University at Buffalo

The State University of New York

Foster Hall

Buffalo, New York 14214

Voice:716-829-3373 (Laboratory)
716-829-2854 (Office)

FAX: 716-829-3942

e-mail:fas1 @buffalo.edu
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ANEXO C — E-mail de submissao para publicacdo nagieo Periodontology 2000. Artigo
2.

Fabio S4 Carneiro 30 January 2019 20:38 ’
Periodontology 2000 paper submission - Howard Tenenbaum's group Details

To: Frank Scannapieco, Cc: Howard Tenenbaum, Howard Tenenbaum, Dr Howard Tenenbaum

Dear Dr Scannapieco,
Our group is very pleased to participate in this Periodontology 2000 issue.

You will find attached the MS Word document of our article entitied “Periodontitis is an Inflammatory Disease with Oxidative Stress: we should treat it that way” as part of the
Periodontology 2000: Prevention of Periodontal Disease volume.

If there are any questions, suggestions or corrections on our paper, please do not hesitate to contact me, Dr Tenenbaum (copied on this email) or any co-authors as you wish.
My best regards,
Fabio Sa Carneiro Sczepanik

DDS, MSc, PhD Student Prosthodontics Program (PUCRS, Brazil).
PhD Visiting Researcher Peri ics Program (University of Toronto and Matrix Dynamics Group).

Periodontology
2000 -...p.docx
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ANEXO D - E-mail de confirmacdo de recebimento pgmblicacdo no periddico
Periodontology 2000. Artigo 2.

Scannapieco, Frank 30 January 2019 22:58 @
Re: Periodontology 2000 paper submission - Howard Tenenbaum's group Details
To: Fabio Sa Carneiro, Cc: Howard Tenenbaum, Howard Tenenbaum, Dr Howard Tenenbaum

B Siri found new contact info in this email: Frank Scannapieco fasi@buffalo.edu add to Contacts... &

Dear Fabio, Howard, et al.,
Thank you all for your efforts and timely submission. | look forward to read the manuscript, and | will be back in touch in due course.
Yours,

Frank

Frank A. Scannapieco, D.M.D., Ph.D.

Professor and Chair

Department of Oral Biology

Associate Dean for Faculty and Professional Development
School of Dental Medicine

University at Buffalo

The State University of New York

Foster Hall

Buffalo, New York 14214

Voice:716-829-3373 (Laboratory)
716-829-2854 (Office)

FAX: 716-829-3942
e-mail:fas1@buffalo.edu

See More from Fablo Sa Cameiro



