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RESUMO 

SILVA DE MENEZES, Bruna. Terapia adjunta com agentes biológicos na 

periodontite experimental. Rio de Janeiro, 2023. Dissertação (Mestrado Acadêmico 

em Odontologia – Área de concentração: Periodontia) – Faculdade de Odontologia, 

Universidade Federal do Rio de Janeiro, Rio de Janeiro, 2023. 

A presente dissertação foi dividida em dois estudos. O primeiro estudo teve 

como objetivo desenvolver uma revisão de literatura de trabalhos pré-clínicos que 

resumisse o papel de diversos fármacos usados para prevenção e tratamento da doença 

periodontal experimental e destaca a ação direcionada de todos os fármacos com 

propriedades antirreabsortivas. Além disso, esta revisão fornece uma avaliação oportuna 

e crítica para o uso científico racional dos medicamentos antirreabsortivos e 

imunomoduladores em estudos pré-clínicos, o que ajuda a entender a base para sua 

aplicação clínica. Pode-se concluir a partir dos achados descritos, que fitoterápicos, 

suplementação com ômega 3 e probióticos tem ganhado cada vez mais atenção devido 

às suas atividades moduladoras e antirreabsortivas e a ausência de efeitos colaterais, 

sendo considerados alternativas promissoras como adjuvantes da raspagem subgengival 

e alisamento radicular em pacientes suscetíveis. O segundo estudo, objetivou-se realizar 

uma revisão sistemática sobre os potenciais benefícios de agentes biológicos como 

adjuvantes no tratamento da periodontite experimental em modelos animais, 

respondendo a seguinte questão: qual é o potencial protetor dos agentes biológicos 

contra a reabsorção óssea alveolar durante a progressão da periodontite experimental? 

Os critérios de elegibilidade dos estudos foram baseados na estratégia PI/ECOS, ou 

seja, P = periodontite; I/E agentes biológicos; C mesma exposição/intervenção; I = 

exceto sobre o uso de agentes biológicos; e S = resultados secundários (inflamação). 

Como resultado, 5236 estudos foram selecionados inicialmente por meio de buscas 

manuais nas bases de dados incluídas . Após a leitura dos resumos e dos textos e de 

acordo com os critérios de inclusão, 39 estudos que atenderam aos critérios de inclusão 

foram incluídos neste estudo. Vinte e três agentes biológicos foram avaliados nos 

estudos incluídos. A maioria dos estudos utilizou o modelo de ligadura de periodontite 

experimental (PE) para testar o uso de produtos biológicos como estratégias preventivas 

ou terapêuticas. As dosagens dos produtos biológicos e os períodos de indução da 

doença variaram com base no modelo de periodontite utilizado. Como principal 

resultado de todos os estudos, a perda óssea alveolar pôde ser significativamente inibida 

com a aplicação de produtos biológicos e a redução de mediadores pró-inflamatórios 

quando comparados aos controles tratados. Em conclusão, essa revisão sistemática 

demonstrou que os agentes biológicos possuem efeitos benéficos na redução da perda 

óssea e na diminuição da inflamação durante a progressão da periodontite em modelos 

animais.  

 

Palavras-chave: Periodontite; reabsorção alveolar; doenças periodontais e modelos animais. 

  



 

 

 
 

ABSTRACT 

SILVA DE MENEZES, Bruna. Adjunctive therapy with biological agents in 

experimental periodontitis. Rio de Janeiro, 2023. Dissertação (Mestrado Acadêmico 

em Odontologia – Área de concentração: Periodontia) – Faculdade de Odontologia, 

Universidade Federal do Rio de Janeiro, Rio de Janeiro, 2023.  

This MSc dissertation was divided into two studies. The first study aimed to 

develop a literature review including preclinical studies summarizing the role of various 

compounds used for the prevention and treatment of periodontitis and highlights the 

targeted action of all drugs with antiresorptive properties. In addition, this review 

provided a timely and critical assessment for the rational scientific use of antiresorptive 

and immunomodulatory drugs in preclinical studies, which helps to understand the basis 

for their clinical application. It can be concluded from the findings described, that 

phytotherapeutics, omega-3 supplementation, and probiotics have gained increasing 

attention due to their modulating and antiresorptive activities and the absence of side 

effects, and are considered promising alternatives as adjuvants to subgingival scaling 

and root planing in susceptible patients. In the second study, the aim was to perform a 

systematic review on the benefits of biological agents as adjuvants in the treatment of 

experimental periodontitis in animal models, answering the following question: What is 

the protective potential of biological agents against alveolar bone resorption during the 

course of experimental periodontitis progression? The criteria for eligibility of the 

studies were based in PI/ECOs strategy, as such (P) animal models with periodontitis; 

(I/E) biological agents with protective potential against bone resorption in periodontitis 

(prevention) or additional benefit as an adjunctive in the treatment of periodontitis; (C) 

same intervention/exposition as the intervention group (I), except for the use biological 

agents; (O) alveolar bone resorption (primary outcomes). Secondary outcomes: 

periodontal parameters, effectiveness of periodontitis-treatment, and adverse effects; (s) 

no restriction for study design on primary studies (exclusion criteria: randomized 

clinical trials, clinical studies, and different types of review studies). Study quality was 

assessed using Systematic Review Centre for Laboratory Animal Experimentation 

(SYRCLE) Risk of Bias tool. As a result, 5236 initial results from datasets, registries, 

and manual searches resulted in 39 suitable studies that met the inclusion criteria. 

Twenty-three biological agents were evaluated in the included studies. Most studies 

used the ligation model of experimental periodontitis (EP) to test the use of biologics as 

preventive or therapeutic strategies. The dosages of the biologics and periods of disease 

induction varied based on the PE model used. As the main outcome of all studies, 

alveolar bone loss could be significantly inhibited with the application of biologics and 

the reduction of pro-inflammatory mediators when compared to treated controls. Taken 

together, this systematic review demonstrated that biologics have beneficial effects in 

reducing bone loss and decreasing inflammation during the progression of periodontitis 

in animal models.  

Key-words:  Periodontitis; alveolar resorption; periodontal diseases and animal models. 
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1 INTRODUÇÃO  

A doença periodontal (DP) é uma condição inflamatória crônica dos tecidos de 

suporte ao redor dos dentes que se desenvolve como resultado de uma interação complexa 

entre parasita e hospedeiro que afeta progressivamente a integridade dos tecidos 

periodontais (KINANE, STATHOPOULOU & PAPAPANOU, 2017; DE MOLON et al., 

2022). Essa condição leva a uma perda irreversível das estruturas ao redor dos dentes e 

pode resultar na perda do elemento dentário se não for tratada (KINANE, 

STATHOPOULOU & PAPAPANOU, 2017; PIHLSTROM, MICHALOWICZ & 

JOHNSON, 2005). Sua etiologia é multifatorial, na qual um biofilme disbiótico em íntimo 

contato com o tecido gengival, inicia uma resposta inflamatória (TONETTI, 

GREENWELL & KORNMAN, 2018; HAJISHENGALLIS, CHAVAKIS & LAMBRIS, 

2000; DE MOLON et al., 2022). A DP é modulada e mediada pelo sistema imune do 

hospedeiro, que tem um papel importante na progressão e severidade da doença (DE 

MOLON et al., 2019).As formas mais graves da periodontite (estádio III e IV) afeta 700 

milhões de pessoas, a qual representa em torno de 11% da população mundial (EKE et al., 

2012).  

Na fase inicial da DP, há a ativação de resposta inflamatória, que é caracterizada 

por aumento do fluido gengival, e um influxo de células inflamatórias, especialmente 

neutrófilos polimorfonucleares (PMN), que diminui a agressão causada pelo biofilme 

disbiótico (PIHLSTROM, MICHALOWICZ & JOHNSON, 2005). Em indivíduos 

susceptíveis a periodontite, a resposta imune é exacerbada, desregulada e destrutiva 

levando a infiltração de células imune e inflamatórias (PAVANELLI et al., 2022). Inúmeras 

citocinas pró- inflamatórias como interleucina (IL)-1, IL-6, IL-17, prostaglandina E2 

(PGE2), fator de necrose  tumoral-α (TNF-α) e enzima degradadoras de matriz (catepsina e 

metaloproteinases de matriz -MMPs) produzidas por linfócitos, fibroblastos, leucócitos e 

células epiteliais. Essas citocinas tem sido identificadas como moléculas-chave induzindo 

destruição tecidual, e a expressão delas aumenta significantemente durante a progressão da 

doença (PAVANELLI et al., 2022). Além disso, elas permitem o aumento da ativação da 

via do ativador do receptor do ligante do fator nuclear kappa-Β (RANKL) no osteoblasto, 

fibroblasto ou linfócitos, que resulta na diferenciação e ativação, e consequentemente a 

destruição de tecidos sustentação mineralizados (LEE et al., 2022). 



16 

 

 
 

A primeira opção de tratamento da DP é a terapia periodontal não-cirúrgica 

(TPNC), que consiste em raspagem supragengival, raspagem subgengival e alisamento 

radicular para remover o biofilme e cálculo aderido na superfície do dente e raiz. No 

entanto, nem sempre a remoção destes fatores retentivos faz com que haja a regeneração 

dos tecidos destruídos e assim retorne a homeostase (KRAYER, LEITE & KIRKWOOD, 

2010; WANG et al., 2018). Nos últimos anos, há um número crescente de estudos 

investigando os efeitos benéficos de terapias adjuvantes em testes clínicos que objetivam a 

diminuição da inflamação e destruição do osso alveolar e então melhorando os resultados 

da TPNC (COSGAREA et al., 2022; ROCUZZO et al., 2022; RAMOS et al., 2022; 

KIANE, BIRANG & JAMSHIDIAN, 2022). Tem sido descrito o uso de drogas 

farmacológicas e compostos naturais que causam a diminuição da destruição óssea na DP 

em modelos animais (CHEN et al., 2016; KARAKAN et al., 2017; OZAKI et al., 2020). A 

inibição da perda óssea pode ser interrompida especificamente por inúmeras drogas 

farmacológicas com alendronato (STORRER et al., 2016), OPG-Fc (JIN et al., 2007), 

resolvina (MIZRAJI et al., 2018; GAO et al., 2013), ranelato de estrôncio (KARAKAN et 

al., 2017; MARINS et al., 2020), curcumina (WANG et al., 2018; ZAMBRANO et al., 

2018) e inibidores de catepsina (STRALBERG et al., 2017; WEI et al., 2020). 

Esta dissertação aborda dois artigos, sendo o primeiro uma revisão de estudos pré-

clínicos sobre terapias farmacológicas que atuam no controle da inflamação e reabsorção 

óssea na DP; e o segundo é uma revisão sistemática que aborda os efeitos de agentes 

biológicos na periodontite experimental.  
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2 PROPOSIÇÃO 

2.1 Objetivo Geral  

Avaliar os efeitos de agentes antirreabsortivos e biológicos durante a progressão da 

periodontite experimental por meio de revisão narrativa da literatura e revisão sistemática. 

 

2.2 Objetivos específicos 

 

• Resumir de forma abrangente, por meio de uma revisão narrativa da 

literatura, os efeitos de várias abordagens terapêuticas durante a progressão 

da periodontite e descrever os principais achados de cada estudo incluído na 

revisão. 

• Avaliar os efeitos dos agentes biológicos, por meio de uma revisão 

sistemática de estudos pré-clínicos, como adjuvantes na periodontite 

experimental. 
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3 DELINEAMENTO DA PESQUISA  

A presente dissertação de mestrado é composta por duas revisões. A primeira é uma 

revisão narrativa de literatura de trabalhos pré-clínicos que resumem o papel de diversos 

fármacos usados para prevenção e tratamento da doença periodontal experimental 

correspondendo a um dos objetivos específicos propostos. A segunda é uma revisão 

sistemática  de estudos pré-clínicos que avaliam os efeitos de agentes biológicos como 

adjuvantes no tratamento da periodontite experimental em modelos animais, respondendo a 

seguinte questão: qual é o potencial protetor dos agentes biológicos contra a reabsorção 

óssea alveolar durante a progressão da periodontite experimental? 
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4 DESENVOLVIMENTO DA PESQUISA 

 

4.1 Artigo 1: Pharmacological therapies for the management of inflammatory boné 

resorption in periodontal disease: A review of preclinical studies 

Artigo publicado no periódico BioMed Research International 

 

4.1 Artigo 2: Beneficial effects of biological agents on experimental periodontitis: A 

systematic review  

 

Artigo a ser submetido no periódico Clinical Oral Investigations 
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Abstract 

Aim: The aim of this systematic review was to answer the focused question: what 

is the protective potential of biological agents against alveolar bone resorption during the 

course of experimental periodontitis progression? 

Material and Methods: A systematic literature search was performed in Pubmed, 

Web of Science, Cochrane Library, Scopus, and Embase electronic datasets, complemented 

by other sources and manual search until August 2022. The inclusion criteria comprised 

pre-clinical studies in animal models of experimental periodontitis on the effects of 

biological agents to protect against periodontal bone loss and tissue inflammation. The 

criteria for eligibility of the studies were based in PI/ECOs strategy, as such (P) animal 

models with periodontitis; (I/E) biological agents with protective potential against bone 

resorption in periodontitis (prevention) or additional benefit as an adjunctive in the 

treatment of periodontitis; (C) same intervention/exposition as the intervention group (I), 

except for the use biological agents; (O) alveolar bone resorption (primary outcomes). 

Secondary outcomes: periodontal parameters, effectiveness of periodontitis-treatment, and 

adverse effects; (s) no restriction for study design on primary studies (exclusion criteria: 

randomized clinical trials, clinical studies, and different types of review studies). Study 

quality was assessed using Systematic Review Centre for Laboratory Animal 

Experimentation (SYRCLE) Risk of Bias tool. 

Results: Screening of the initially 5236 results from datasets, registers, other 

sources and hand-searches resulted in 39 suitable studies that met the inclusion criteria. 

Twenty-three biologicals were evaluated in the included studies. Most of the studies 

utilized the ligature-model of experimental periodontitis (EP) to test the use of biologicals 

as preventive or therapeutic strategies. The dosages of biologicals and the periods of 

disease induction varied based on the EP model utilized. As the main outcome of all 

studies, alveolar bone loss (the hallmark of EP) could be significantly inhibited applying 

biologicals, and reduced pro-inflammatory mediators when compared to treated controls.  

Conclusion: Collectively, this systematic review demonstrated that biological 

agents possess beneficial effects in reducing bone loss and diminishing inflammation 

during periodontitis progression in animal models. Randomized clinical trials using 
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biologicals to treat periodontitis are warranted to corroborate the results achieved in these 

pre-clinical studies.  

Keywords: Alveolar bone; animal model; bone resorption, periodontal disease; 

periodontitis 

 

Introduction 

Periodontitis, a chronic inflammatory condition of the supporting tissues around the 

teeth, develop as a result of complex host-parasite interaction that progressively affects the 

integrity of the periodontal tissues [1, 2]. It is described by bacterial-evoked inflammatory 

responses and periodontal tissue destruction, including periodontal ligament, cement and 

alveolar bone. The more severe forms of periodontitis (stage III and IV) affect over 700 

million people, which represent around 11% of the worldwide population [3]. Indeed, 

periodontal disease (PD) is the sixth-most prevalent chronic condition globally, and it is 

considered the most important cause of teeth loss in the adult population [4, 5]. Hence, PD 

is a public health challenge due to its high prevalence and the significant burden caused by 

teeth loss and chewing disability negatively impacting quality of life. Meanwhile, there are 

a growing number of studies linking periodontitis with systemic diseases, such as diabetes 

mellitus, cardiovascular diseases, rheumatoid arthritis and others through the dissemination 

of pathogenic bacteria and their products into the bloodstream [6-9]. Consequently, the 

treatment of periodontitis plays pivotal roles in decreasing local and systemic 

inflammation. 

 PD is characterized by the unique property in that tissue damage results 

from the host innate and adaptive immune response to periodontal biofilm-associated 

multiple microorganisms [1, 4]. Imbalance between the resident commensal microbiota 

and the host immune response lead to the dysbiosis of the oral microbiome, and thus 

increased bacterial load and persistent inflammatory process are the hallmark of disease 

[10]. In individuals susceptible to periodontitis, the host immune response is usually 

exacerbated, dysregulated and destructive leading to infiltration of immune (B and T cells) 

and inflammatory cells (macrophages and neutrophils) [11]. Innumerous pro-inflammatory 

cytokines such as interleukin (IL)-1, IL-6, IL-17, prostaglandin E2 (PGE2), tumor necrosis 
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factor-α (TNF-α), and matrix-degrading enzymes (cathepsin and matrix metalloproteinases 

- MMPs) produced by lymphocytes, fibroblast, leukocytes and epithelial cells have been 

identified as key molecules inducing tissue destruction, and the expression of these 

molecules are significantly increased during disease progression [11]. More specifically, 

these cytokines enable the increased activation of receptor activator of nuclear factor kappa 

B ligand (RANKL) pathway in osteoblast, fibroblast or lymphocytes, which ultimately 

results in the differentiation and activation of osteoclasts, and consequently the destruction 

of mineralized connective tissue [12]. Therefore, the regulation of the immune response 

and the inhibition of osteoclastogenesis are key factors that should be considered when 

testing potential new treatment modalities for PD. 

 According to the clinical practice guideline from the European Federation of 

Periodontology, the recommendations for treatment of stage I-III periodontitis are based on 

four different interventions [13]. The first step of therapy is behavioral changes, and 

control of supragingival biofilm, gingival inflammation and associated risk factors. The 

second step of therapy is aimed at controlling the supra- and sub-gingival biofilm and 

calculus through subgingival instrumentation with the goal of controlling the infection and 

arresting the inflammatory process. Subgingival instrumentation may include adjunctive 

local or systemic medications. The third step consisted of treating unresponsive areas to the 

second step and include different types of periodontal surgical interventions. Finally, the 

supportive periodontal care should be implemented to extend benefits and to maintain 

periodontal stability over time [13]. 

 The non-surgical periodontal therapy (NSPT), the term used to describe 

subgingival instrumentation, is accomplished through scaling and root planning (SRP), the 

gold standard treatment for stage I to III periodontitis [13]. The use of adjunctive therapies 

to treat periodontitis relies on the premise that not all the individuals responds well to 

NSPT especially in non-compliant and susceptible patients, and also in patients with 

systemic comorbidities (diabetes) associated with the presence of common risk factors for 

disease progression, such as local factors (deep periodontal pockets and complex root 

anatomy), environmental factors (smoking) and genetic background (polymorphisms) [11]. 

Therefore, the use of adjunctive therapies (biological) aiming at modulate the destructive 

events of the innate and adaptive immune host response have been proposed in pre-clinical 
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and clinical studies as a potential therapeutic strategy to treat periodontitis targeting 

inflammatory mediators and bone-resorbing osteoclasts [2, 11].  

 In the past years, a growing number of studies investigating the beneficial 

effects of adjunctive therapies in clinical trials aiming at decreasing inflammation and 

alveolar bone destruction and improving the outcomes of NSPT alone have been 

performed [14-17]. Moreover, different animal models of periodontitis have been used to 

test the efficacy of different compounds, and the molecular mechanisms involved in the 

inhibition of bone resorption [12, 18, 19]. In this context, pharmacological therapies, 

natural compounds, and biological agents have been studied to suppress the inflammatory 

process and bone destruction during periodontitis progression. Therefore, the current 

systematic review sought to investigate the evidence on the beneficial effects of biological 

agents against inflammation and bone resorption in experimental periodontitis. 

Materials and Methods 

Protocol and Registration 

This study was conducted at the Systematic Review Facility (SyRF) 

(https://syrf.org.uk/projects) [20] as recommended by the Collaborative Approach to 

Meta Analysis and Review of Animal Experimental Studies (CAMARADES) 

(https://www.ed.ac.uk/clinical-brain-sciences/research/camarades/about-camarades). The 

structure of this paper was organized according to the PRISMA 2020 statement [21] 

(https://prisma-statement.org).  

Focused question 

Based on the PICOD principle.  

- Population (P): Animal models with experimental periodontitis;  

- Intervention (I): Biological factors used/tested for prevention/control of 

alveolar bone resorption in experimental periodontitis. Biological factors are defined as 

endogenously synthesized compounds that influence biological processes not otherwise 

classified under enzymes, hormones or hormone antagonists (i.e., antigens, antioxidants, 

biomarkers, blood coagulation factor inhibitors, blood coagulation factors, chemotactic 
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factors, host-derived cellular factors, immune checkpoint proteins, inflammation 

mediators, intercellular signaling peptides and proteins, pathogen-associated molecular 

pattern molecules [PAMPs], pheromones, phytochemicals, biological pigments, and 

biological toxins);  

- Comparator (C): Sham or placebo group;  

- Outcome of interest (O): Main outcomes – i) prevention/control of alveolar 

bone resorption by biological factors, ii) effect of biological factors on alveolar bone, 

including cellular, molecular, tissue, and functional assessment––Additional outcomes – 

i) harmful consequences, adverse events and systemic impact of biological factors 

used/tested for prevention/control of alveolar bone resorption in experimental 

periodontitis; ii) benefit-to-harm ratio of biological factors used/tested for 

prevention/control of alveolar bone resorption in experimental periodontitis; iii) 

mechanistic insights of biological factors used/tested for prevention/control of alveolar 

bone resorption in experimental periodontitis; and iv) hierarchy of biological factors 

with greater effectiveness (prevention/control of alveolar bone resorption), safety 

(harmful consequences, adverse events and systemic impact), evidence (study quality 

and risk of bias assessment) and lack of evidence from preclinical studies to support 

Phase I studies (clinical trial design) on the subject;  

- Primary study Design (D): Preclinical study (in vivo) referring to tests, 

experiments, and procedures that researchers perform in or on a laboratory animal, this 

systematic review aimed to answer the focused question: What is the protective potential 

of biological factors against alveolar bone resorption in experimental periodontitis? 

Study selection criteria 

We included in this systematic review only preclinical studies (in vivo) on the 

protective potential of biological factors against alveolar bone resorption in experimental 

periodontitis. We excluded studies that: i) animal model of non-induced periodontitis; ii) 

antimicrobial agents; iii) prebiotics and probiotics; iv) inaccurate or unavailable 

information related to the intervention or outcomes; and v) inability to access the full 

text. No restrictions were placed on the language or date of publication when searching 

the electronic databases. 
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Information sources 

An extensive literature search was performed among five electronic databases, 

namely MEDLINE via PubMed (http://www.ncbi.nlm.nih.gov/sites/pubmed), Web of 

Science – WOS (https://www.webofknowledge.com) accessed through the Clarivate 

Analytics (https://clarivate.com), Cochrane Central Register of Controlled Trials 

(CENTRAL) (https://www.cochranelibrary.com), Embase (https://www.embase.com) 

and Scopus (http://www.scopus.com) through Elsevier (https://www.elsevier.com). 

Other sources (grey literature) were consulted through Google Scholar 

(https://scholar.google.com.br) and System for Information on Grey Literature in Europe 

(SIGLE) through OpenGrey (https://easy.dans.knaw.nl/ui/datasets/id/easy-

dataset:200362/tab/2) databases. Handsearch was performed in specialized periodicals 

and in reference lists of selected articles. Experts were identified using expertscape.com 

(https://expertscape.com) and contacted for other data sources. 

 

Search strategy 

Database search strategies included MeSH terms, entry terms and keywords to 

query in PubMed, Web of Science, Cochrane Library, other sources (gray literature), 

and protocol record. The search strategies for Embase and Scopus databases added 

Entree, Index and DeCS/MeSH terms, respectively. All terms were combined by the 

Boolean operators "OR" and "AND" connecting the key concepts in a “building blocks” 

strategy (Table 1). The electronic searches were performed in December 2022 and 

databases alerts were created to identify studies published after the time of the search, 

until the manuscript submission process. 

Selection process 

The retrieved articles were exported to rayyan reference manager 

(https://www.rayyan.ai) and duplicates were removed by the program (perfect match) 

and manually. The selection process was conducted in two phases: Phase 1, three 

researchers (BSM, MSF, and RSM) independently examined the titles and abstracts of 

all retrieved references, applying the inclusion criteria; and Phase 2, the same three 

reviewers independently applied the exclusion criteria in the full text screening. The full 

texts were evaluated and judged in the entire document. Inter-reviewer reliability in the 
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study selection process was determined by the Cohen κ test, assuming an acceptable 

threshold value of 0.80 [22]. The disagreement at any stage was resolved by discussion 

and mutual decision with a third reviewer (DSB). The final decision was always based 

on the full text reading––for more details on reasons for exclusion, see Figure 1. 

Data collection process 

Data were independently extracted by the three reviewers (BSM, MSF, and 

RSM) using a standardized form. The qualitative results were described in the article in 

a consensus meeting, in the order of the PICO contents: study, population, intervention, 

comparator, combination therapies, alveolar bone resorption, and main findings. Adverse 

effects were also assessed as secondary outcomes. Authors were contacted by email for 

five consecutive weeks as needed to obtain details on study design and data clarification. 

Study risk of bias assessment 

Three reviewers (BSM, MSF, and RSM) independently evaluated the quality of 

the included pre clinical studies using the SYRCLE's risk of bias tool for animal studies 

[23], as presented in Table 3. This tool is based on the Cochrane RoB tool and has been 

adjusted for aspects of bias that play a specific role in animal intervention studies. 

SYRCLE’s is structured into a fixed set of 10 domains of bias: sequence generation, 

baseline characteristics, allocation concealment, random housing––blinding, random 

outcome assessment––blinding incomplete outcome data, selective outcome reporting, 

and other sources of bias. These entries are related to 6 types of bias: selection bias, 

performance bias, detection bias, attrition bias, reporting bias, and other biases. A “yes” 

judgment indicates a low risk of bias; a “no” judgment indicates high risk of bias; the 

judgment will be “unclear” if insufficient details have been reported to assess the risk of 

bias properly. Risk of bias analysis was conducted in an independent blinded process. In 

case of divergence, agreement was reached in a consensus meeting with a third reviewer 

(DSB). 

Synthesis methods and effect measures 

The study selection process, study characteristics, risk of bias in studies, results 

of individual studies, results of syntheses, reporting biases, and certainty of evidence, are 

described in the form of text, figure, and tables. Only studies with low risk of bias were 
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considered for the quantitative synthesis and certainty of the evidence. The synthesis of 

qualitative results followed the SWiM reporting guideline [24]. 

The effect estimation meta-analysis consisted of standard pairwise meta-analyses 

of direct comparisons using a fixed-effect model. The results were expressed as mean 

difference and relative 95% confidence interval (CI). Heterogeneity was assessed by Q-

statistic method (p ≤ 0.1) and inconsistency measurement (I2 ≥ 75% suggesting high 

heterogeneity) [25-27]. Meta-analyses with p ≤ 0.1 in the 2 and I2 ≥ 75 % and primary 

studies with high risk of bias were not included in the data synthesis. 

The protective potential of biological factors/agents against alveolar bone 

resorption in experimental periodontitis was consistent if the mean difference between 

comparator and intervention groups was ≥ 10%. Statistical tests were performed using 

RevMan 5.4 software (Review Manager (RevMan) [Computer program]. Version 5.4, 

The Cochrane Collaboration, 2020. Available at: https://training.cochrane.org/online-

learning /core-software-cochrane-reviews/revman/revman-5-download). 

The protective potential was considered the difference between the �̅�() of 

alveolar bone resorption (ABR) of intervention group and comparator group. The  

difference was calculated using the formula: 

ABR = 

√(Comparator2 + Intervention2) − (2. R.Comparator.Intervention)
2

 

Sensitivity analyses used to assess robustness of the synthesized results and the 

potential impact of confounding factors consisted of independent subgroup analysis for 

animal model, experimental protocol, biological factors, and method to assess alveolar 

bone resorption, cellular, molecular, tissue and functional outcomes. 

Reporting bias assessment 

Confounding factors such as animal model, experimental protocol, biological 

factors, and method to assess alveolar bone resorption, cellular, molecular, tissue and 

functional outcomes were considered in the result synthesis, including subgroup 

analysis. The presence of publication bias was investigated through visual 

detection/analysis of the funnel plot [27, 28]. 
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Certainty assessment 

The Classification of Assessment, Development and Assessment 

Recommendations (GRADE) was used to assess the quality of responses in this 

systematic review, based on five factors: serious risk of bias, serious inconsistence 

between studies, serious indirectness, serious imprecision, and likely publication bias 

[29, 30]. Thus, the evidence quality index was defined in four categories: high, 

moderate, low, and very low applied to the primary outcomes [31-33]. 

 

Results 

Study selection 

Figure 1 demonstrates a flowchart that summarizes the identification of study 

selection via databases and registers of studies that assessed the beneficial effects of 

biological agents on experimental periodontitis. Following databases screening, 5236 

studies were identified by the authors, which were carried out into five databases 

(Pubmed, Scopus, Embase, Cochrane and Web of Science). After the removal of 

duplicates (969), the search strategies identified 4267 possible eligible articles, of which 

4202 were immediately excluded after reading the titles and the abstracts. The full text 

of the 65 remaining manuscripts was assessed and 18 articles were then excluded, as 

they did not fulfill the eligibility criteria, totaling 49 studies. During the process for 

study eligibility, 10 studies were excluded after reading the full text due to wrong animal 

model and wrong medication used. Therefore, 39 manuscripts were included to serve as 

the basis for this systematic review.  

Study characteristics 

The thirty-nine included reports were published between 2000 and 2022 (Table 

1). Different animal models were used in those studies, comprising mainly rodents. Ten 

studies have used Wistar rats as animal model [34-43], fourteen studies [44-57] have 

used C57BL/6 mice, eight studies [58-65] employed Sprague-Dawley rats, one study 

[66] have used Macaca fasciculares as an animal model, two studies [67, 68] used the 

F344 inbred rats, one study [69] used BALB/c as a mouse model, two studies [70, 71] 
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have used the DIO mouse model (C57BL/6 background), and finally one study [72] did 

not report the mice strain utilized. 

 Most of the included studies utilized a ligature-induced experimental 

periodontitis (EP) model, totalizing 23 articles [34-41, 43-46, 52, 56, 58, 59, 61, 63, 65, 

67-70] varying in different thread materials, such as silk, cotton and dental floss. LPS 

injection as EP model was used in three studies [60, 62, 64], in which Cirelli et al. 

(2009) [60] used LPS from P. gingivalis, while Kirkwood et al. (2007) and Rogers et al. 

(2007) used LPS from A. actinomycetemcomitans [62, 64]; ligatures soaked with P. 

gingivalis as animal model was also used in four studies [51, 57, 66, 71]. Oral bacteria 

inoculation with live P. gingivalis was used in five studies [47-49, 54, 55], oral 

inoculation with A. actinomycetemcomitans was used in three studies [50, 53, 72], and 

one study [42] has used P. gingivalis plus F. nucleatum to induce EP via oral inoculation.  

 Studies using the ligature-induced bone loss have applied the therapeutic 

approach in six reports [35-37, 43, 63, 65] (treatment starting after the disease onset), 

while another thirty-three studies have used preventive strategies against alveolar bone 

destruction using the ligature model (treatment started immediately after ligature 

placement) or oral inoculation of periodontopathogenic bacteria or LPS injection. 

Additionally, eight studies have utilized local treatment (injection on the gingival tissue) 

[37, 43-45, 56, 65, 66, 69], and the other included reports used the systemic 

administration of biologicals to treat EP by means of intraperitoneal injection [34, 35, 

41, 46-49, 51-53, 55, 63, 67], oral gavage [36, 62, 64, 70, 72], subcutaneous injection 

[38, 40, 50, 57-59, 61, 65, 68], intramuscular injection [60], intravenously injection [39], 

adoptive cell transfer [54], biological dissolved in the drinking water [42], and finally 

systemic infusion [43]. The follow-up period of evaluation in the included studies 

ranged from 5 days to eight weeks.  

 The key biological agents evaluated in these studies were: the humanized 

monoclonal anti-human interleukin (IL)-6 receptor (Tocilizumab) [34]; Melatonin, a 

hormone synthetized in the pineal gland and other organs, were tested in four studies 

[35, 41, 42, 63]; Vitamins K2 [36], and D3 [36, 48, 49, 55] tested in another 4 studies; 

the second generation concentrate named injectable platelet-rich fibrin (i-PRF) [37] and 

an autologous hemoderivate material obtained by the disruption of platelets; the platelet 
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lysate [43]; an immunoregulatory cytokine with anti-inflammatory properties, IL-35 

[44]; a protein secreted primarily by osteocytes that regulates osteoblast mediated bone 

formation named sclerostin (sclerostin monoclonal antibody - Scl-Ab) [59, 65]; a major 

regulator of bone remodeling and calcium homeostasis, a protein composed of 84 amino 

acids, the parathyroid hormone (PTH) [40, 58, 68]; TNF-α blockers (TNFR:Fc - 

monoclonal anti-TNF-α antibodies or fusion proteins containing p75 TNFR linked to the 

Fc portion of human IgG1) [60]; The soluble IL-1 receptor type 1 (sIL-1R1) that 

function as a competitive inhibitor of IL-1 [66];  The nerve growth factor (NGF) 

neutralizing antibody [38]; the infliximab, a chimeric, human IgG1 TNF-α monoclonal 

antibody [39, 67]; CD40, a membrane-associated protein and a member of the TNF 

receptor superfamily [45]; the human recombinant OPG fusion protein (rhOPG-Fc) [57, 

61]; a competitive inhibitor of p38α Mitogen-activated protein kinase (MAPK), the 

SD282 [62, 64]; a human monoclonal antibody that bind to RANKL, a TNF-super 

family cytokine produced by osteoblasts and stromal cells in bone tissues, (anti-mouse 

RANKL monoclonal antibody) [46, 57]; the sRAGE, an extracellular domain of the 

receptor, which binds ligand and blocks interaction with, and activation of, cell-surface 

RAGE [47]; the BET (bromodomain and extraterminal domain) inhibitor JQ1 (a cell-

permeable small molecule) [51]; the Cytotoxic T lymphocyte-associated antigen 4 

(CTLA-4) [52]; the soluble epoxide hydrolase inhibitor (she) TPPU [72]; the IL-17A 

neutralizing antibody [69]; the met-RANTES (specific antagonist of CCR1 and CCR5 

receptors) [53]; B10 cells [54]; a novel adiponectin receptor agonist (AdipoAI) [70] and 

the adiponectin (APN) [71]; and finally, the TLR9 agonist cytidine-phosphatase-

guanosine oligodeoxynucleotide (CpG), CD40 ligand [56]. 

 

 

Outcomes of interest 

The majority of the included studies have utilized morphometric analysis [39, 45, 

47, 48, 50, 51, 53-56, 71, 72] and microcomputed tomography (micro-CT) [34, 37, 43, 

44, 46, 52, 58-62, 64, 65, 69, 70] to quantitate the bone level changes, an important 

parameter to assess periodontal status. Morphometric analyses were accomplished 

measuring the distance between the cement-enamel junction (CEJ) to the alveolar bone 
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crest (ABC) (2D linear measurements) after staining the jawbones with methylene blue, 

using specific software as reference to perform the measurements. A more accurate 

method of analysis, the micro-CT, is able to quantitate the tridimensional volumetric 

alterations and the architectural parameters of bone. One study employed scanning 

electronic microscopy (SEM) [49], two studies used conventional 2D radiography [35, 

38], and seven studies utilized histological analysis to measure alveolar bone loss [36, 

41, 57, 63, 66-68]. Histomorphological measurements using histologic images allow 

quantitation of bone destruction through linear measurements or by analyzing the total 

area of bone loss in the furcation or in the interproximal area. Two studies [40, 42] did 

not quantify the amount of bone loss inhibition after experimental periodontitis 

treatment. It is noteworthy to mention that almost all studies have demonstrated that 

biological agents protected the host from the progression of alveolar bone loss when 

compared to the control groups, except by one study [36] that used vitamin K2, D3 or 

combination of both. Taken together, based on the presented results, the biological 

agents are considered as a safe adjunctive treatment of EP (without side effects) to be 

used as a systemic or local compound. Furthermore, all of them showed encouraging 

data regarding prevention and treatment of EP. 

 Furthermore, gene expression analysis by real time polymerase chain 

reaction (RT-qPCR) was performed by fifteen studies do investigate the effects of 

biological agents on the expression levels of pro-inflammatory cytokine markers, such 

as IL-1β, TNF-α, IL-6, IL-17, IL-10, INF-γ, RANKL, and OPG [34, 38, 40, 43-45, 50, 

51, 53, 54, 56, 60, 67, 69, 70]. Immunohistochemistry (IHC) analysis and TRAP staining 

were performed by twenty-one studies [37-40, 45-47, 49, 52, 54-56, 58, 60-64, 67, 68, 

71] to investigate the effects of biologicals on protein levels, especially RANKL, OPG, 

MMP9, and in the number of positive-stained osteoclasts. Biochemical analysis of 

serum was performed by three studies [35, 36, 63] mainly to investigate the levels of 

TRAP-5b (marker for osteoclast), and bone formation markers, such as osteocalcin 

(OCN) and C-terminal telopeptide of type 1 collagen CTx-1). ELISA was made by 

another twelve studies [36, 39, 41, 44, 47, 48, 50, 53-55, 59, 65] to investigate protein 

levels in serum, and finally western blot analysis was accomplished by seven studies 

[39, 41, 48, 49, 55, 70, 72] to investigate the phosphorylation of signaling pathways 

involved in bone resorption, such as Janus family kinase 1 (JAK1), nuclear factor kappa-
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light-chain-enhancer of activated B cells (NF-κB)- p65, and signal transducer and 

activator of transcription (STAT)-3. Collectively, the main outcomes of the selected 

studies regarding diminishing of bone loss, decreased expression of pro-inflammatory 

cytokines as well as inhibition of signaling pathways phosphorylation were achieved in 

all studies suggesting a promising alternative to use as adjuvant approach to treat EP. 

Quality assessment of evidence 

The assessment of evidence of the included studies was considered following the 

ARRIVE guidelines checklist containing a 21-itens, and the scores varied from 14 to 19 

(Table 2a-c). None of the included articles reported information regarding animal 

inclusion or exclusion criteria. Only two studies reported data access (where study data 

are available) [52, 68]. Additionally, just four studies [34, 52, 64, 67] described the 

sample size calculation for study power, and information about conflict of interest was 

described in 11 studies [37, 42-44, 52, 54, 58, 59, 68-70]. Almost half of the included 

studies reported the randomization process of experimental groups [34-37, 41-44, 48, 

49, 52, 55-58, 63, 71] and seventeen studies did not provide information about blinding 

process during the analysis [37, 39, 41, 43, 45-47, 51, 53, 54, 56, 58, 59, 63, 65, 68, 70, 

71]. No information was found in twenty-four articles on animal care [38, 40, 41, 43, 45-

47, 49-51, 53, 54, 56, 57, 61, 62, 64-66, 68-72]. Overall, all the articles were supported 

by strong study design, outcomes measures, statistical methods, interpretation of 

scientific evidence, generalizability translation, protocol registration, experimental 

animals and procedure, results, abstract, background, objectives and ethical statement. 

Risk of bias within studies 

To assess the risk of bias (ROB) of included studies, the SYRCLE checklist that 

is specific to pre‐clinical studies was utilized. As reported in Table 3A and B, the 

included studies proceeded well in a majority of domains and checklist items, but with 

some deficiencies noted. It is important to mention that the domains “allocation 

concealment”, “random outcome assessment” and “attrition bias - incomplete outcome 

data” were all unclear in those included studies. Furthermore, the sequence generation 

(randomly animal allocation) when it comes to treatment assignments and random 

outcome assessment were not described in twenty-two studies [38-40, 45-47, 50, 51, 53, 

54, 59-62, 64-70, 72]. Taken together, seventeen studies were classified as low risk of 
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bias [34-37, 41-44, 48, 49, 52, 55-58, 63, 71], fifteen reports were classified as to have 

moderate risk of bias [38, 40, 50, 53, 59-62, 64, 66-70, 72], and seven studies were 

considered to have high risk of bias [39, 45-47, 51, 54, 65]. 

 

Results of syntheses 

Reporting biases 

Discussion 

A biological agent, according to the Food and Drug Administration, is defined as 

“a virus, therapeutic serum, toxin, antitoxin, vaccine, blood component or derivative, 

allergenic product, protein, or analogous product, applicable to the prevention, 

treatment, or cure of a disease or condition of human beings” [73]. In the field of 

periodontitis, the term “biologic” can be more closely defined as a therapeutic agent 

with biological activity that is administered to inhibit alveolar bone loss (the hallmark of 

periodontal disease). Biologics can be subclassified into stem cells, gene therapy agents, 

autologous blood-derived products (ABPs), and bioactive factors [74]. Therefore, this 

systematic review evaluated the beneficial effects of biologicals on experimental 

periodontitis. Based on the main outcomes of the included reports, biological agents 

have been recognized as a host-modulator of the inflammatory response and a potent 

inhibitor of alveolar bone resorption in the different animal models utilized in both 

preventive and therapeutic approaches. Their possible role in arresting the alveolar bone 

resorption turn them a promising therapeutic compound for periodontal disease 

treatment. Accordingly, a recent consensus statement on the use of biologicals in clinical 

practice [75] stated that the use of biologics in periodontal practice is usually safe and 

offers further benefits to periodontal conventional treatment. 

 Studies using animal models to mimic experimental conditions are widely 

used in various human-related diseases. The use of experimental models of PD permits 

the study of the molecular mechanisms involved in the immunopathogenesis of chronic 

inflammatory diseases [76, 77]. The ligature-induced bone loss, oral inoculation and 

LPS injection EP models, the main models utilized in the included studies, assist in the 
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understanding of events that lead to protection or tissue damage as consequence of 

bacterial dysbiosis and the dysregulation of the host immune response [76]. Animal 

models of EP stimulate an infection/inflammatory process similar to that seen in 

humans, while mimicking the natural disease pathogenesis. The advantages of rodent 

models of EP included: more cost-effective model for scientific research, easy to handle, 

and the cost are relatively low. Besides, the physiological systems and anatomic 

structures are well known [78]. Of importance, they can also contribute to the 

development of more successful therapeutic strategies, provide hypothesis validation 

and demonstrate the effectiveness of new treatment therapies supporting decisions about 

human clinical research [79, 80]. Systematic reviews of pre-clinical studies are 

recognized for their importance in identifying interventions with the best preventive or 

therapeutic potential for testing in randomized clinical studies since they might offer 

robust and comprehensive descriptions of those animal studies [81]. In making these 

decisions, the level of certainty in the evidence is fundamental. In this current systematic 

review, the ARRIVE checklist, comprising 21 items, was employed to evaluate the 

quality and reliability of the included manuscripts [82]. The 14-19 scores achieved in the 

quality assessment demonstrated that these reports were reliable and of high quality. 

 The included studies in this systematic review demonstrated innumerous 

methodological variations regarding the EP induction models (ligature, oral gavage, LPS 

inoculation), animals used (mouse and rat), inoculation of bacteria (P. gingivalis, F. 

nucleatum, A. actinomycetemcomitans), materials for ligature (cotton, silk and dental 

floss), number of days of for disease induction, and treatment duration with the 

biologicals (Table 1). After a comprehensive analysis of data on the characteristics of 

each included manuscript, it was observed that the most common used animal strain was 

de C57BL/6 mouse and the most common EP model was the ligature-induced bone loss 

placed in the first and second maxillary molar in most of the cases. The most common 

method for bone loss evaluation was the micro-CT and histological analyzes. Thus, 

despite the inconsistency of the models found in the literature, limited reports investigate 

and compare the temporal progression and the local and systemic results of EP through 

different biological regimens. 

 The hallmark of PD is the alveolar bone resorption that occurs in 

consequence of the imbalance between the bacterial insult and the host immune 
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response. Therefore, inhibition of bone loss was set as the main outcome parameter in 

this systematic review. Quantification of bone resorption in the included studies was 

performed by means of morphometric analysis [39, 45, 47, 48, 50, 51, 53-56, 71, 72], 

micro-CT [34, 37, 43, 44, 46, 52, 58-62, 64, 65, 69, 70], conventional radiograph [35, 

38], SEM [49], and histomorphometric analysis [36, 41, 57, 63, 66-68]. Except by one 

study [36] that fail to show inhibition of bone loss after treatment, and by two studies 

that did not quantify the resorption of the alveolar bone [40, 42], all the other studies 

showed remarkable ameliorative effects regarding inhibition of bone loss. Osteoclasts, 

the cells responsible for resorbing the bone tissue, were evaluated in several studies [37-

40, 45-47, 49, 52, 54-56, 58, 60-64, 67, 68, 71] utilizing the TRAP staining analysis. 

Decreased osteoclast activity and osteoclast number after biological treatment seems to 

significantly regulate alveolar bone resorption in those studies. Most of the biological 

investigated prevented alveolar bone loss by suppressing RANK-L mediated osteoclast 

development decreasing the ratio of RANKL/OPG. 

 In this current systematic review, the systemic administration of 

biologicals appeared to effectively inhibit alveolar bone destruction in the different 

animals models used [34-36, 38-43, 46-55, 57-65, 67, 68, 70, 72], as well as the local 

treatment [37, 43-45, 56, 65, 66, 69]. Both local and systemic administration of 

biologicals seems to control systemic and local inflammation induced by bacteria. 

However, the local treatment (injection directly into the gingival tissue) appeared to be 

more practical and reliable approach to treat periodontal disease in humans, as compared 

to the systemic administration, since the compound is applied directly into the 

periodontal pocket/sulcus enhancing the local effects against inflammation-induced bone 

loss. Of importance, some studies included showed that biologicals are effective in 

ameliorate systemic conditions associated with periodontitis, such as diabetes mellitus 

[47, 48, 55, 58, 63, 67, 68, 70], obesity [42, 71], and ovariectomized osteoporosis animal 

models [59] evidencing that these compounds have direct actions on the systemic 

inflammatory response of others inflammatory (diabetes and obesity) and non-

inflammatory (osteoporosis) conditions. Therefore, further investigations are warranted 

to explore the influence of these biologicals in other systemic inflammatory conditions 

in clinical trials. 
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 This systematic review included 39 studies that met the inclusion criteria, 

and these relatively high numbers of studies strengthen the achieved findings and 

support the use of biologicals in pre-clinical studies. When analyzing the data for risk of 

bias according to the SYRCLES’s checklist specific for pre-clinical studies, most of the 

included reports demonstrated a low risk [34-37, 41-44, 48, 49, 52, 55-58, 63, 71] or 

moderate risk [38, 40, 50, 53, 59-62, 64, 66-70, 72] of bias. The studies classified as 

moderate and of high risk of bias were correlated with missing information regarding 

attrition bias, allocation concealment, and sequence generation. Consequently, we can 

infer that the studies included in this review are, most of them, of quality, reproducible, 

and reliable studies. 

Conclusion 

Collectively, the results of this systematic review, demonstrated that the use of 

biologicals agents are promising alternative to treat EP in pre-clinical studies when 

applied systemically or locally. The fact that these are biological molecules with the 

unique ability to both arrests the progression of bone loss as well as to decrease the 

inflammatory process, without any additional side effect, makes them attractive potential 

agents for preventing and treating periodontal disease. Although the results have showed 

promising results, randomized clinical trials are warranted to assess the effectiveness of 

biologicals in humans. 
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Figure legends 

Fig. 1: Screening and enrolment according to the PRISMA flow diagram. 

Table legends 

Table 1: Characteristics of the included studies. 

Table 2A-C: The quality assessment of the included studies assessed by the 

ARRIVE guidelines containing a 21-item checklist.  

Table 3A-B: Risk-of-bias assessment for animal studies using SYRCLE’s tool. 

Supplemental Table 1: Search strategies 
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5 CONSIDERAÇÕES FINAIS 

O uso de moduladores da resposta imune do hospedeiro ou de medicamentos 

antirreabsortivos oferece alternativas para inibir a perda óssea e diminuir o infiltrado 

inflamatório no tecido conjuntivo. Todos esses tratamentos testados podem ajudar a 

modular a resposta inflamatória do hospedeiro e melhorar a progressão da doença 

experimental. Como dito anteriormente, o tratamento primário da DP é por meio de uma 

abordagem mecânica, TPNC, para remover o biofilme aderido na superfície do dente e da 

raiz. Entretanto, esse tratamento local não responde da mesma maneira em todos os 

pacientes. Assim, as terapias adjuvantes que diminuem a resposta inflamatória do 

hospedeiro desempenham um papel importante na obtenção de melhores resultados 

clínicos, especialmente em pacientes com comorbidades associadas, como diabetes 

mellitus tipo 2 e artrite reumatoide. É importante ter em mente que alguns dos 

medicamentos incluídos na revisão de estudos pré-clínicos, ou seja, bisfosfonatos, agentes 

biológicos e inibidores de RANKL e CtsK possuem alguns efeitos colaterais que podem 

limitar seu uso clínico.  

A medicina herbal e a suplementação com ômega 3 e probióticos têm ganhado cada 

vez mais atenção devido às suas atividades moduladoras e antirreabsortivas e a ausência de 

efeitos colaterais, sendo consideradas alternativas promissoras como adjuvantes da TPNC 

em pacientes suscetíveis. Na revisão sistemática, os resultados se mostraram promissores, 

porém ensaios clínicos randomizados são necessários para avaliar a eficácia dos agentes 

biológicos em humanos............................................................................................................ 
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6 CONCLUSÕES 

Os agentes biológicos se mostram seguros e eficazes quando testados em animais e 

testes em humanos podem ser bastante promissores. 

• O uso de moduladores da resposta imune do hospedeiro ou de medicamentos 

antirreabsortivos que foram abordados no artigo 1, oferecem alternativas para inibir 

a perda óssea e diminuir o infiltrado inflamatório no tecido conjuntivo. Todos os 

tratamentos testados podem ajudar a modular a resposta inflamatória do hospedeiro 

e melhorar a progressão da doença experimental. 

• Na revisão sistemática foi demonstrado que o uso de agentes biológicos é uma 

alternativa promissora para tratar a periodontite experimental em estudos pré-

clínicos quando aplicados sistemicamente ou localmente. O fato de serem 

moléculas biológicas com a capacidade única de interromper a progressão da perda 

óssea e diminuir o processo inflamatório, sem nenhum efeito colateral adicional, 

torna-as agentes potenciais e atraentes para a prevenção e o tratamento da doença 

periodontal. 
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