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.RESUMO 
 

 

Cruz VQ. Comparação entre cinco diferentes métodos de extração de RNA 
exossomal de sobrenadante de saliva liofilizado [tese]. Niterói: Universidade 
Federal Fluminense, Faculdade de Odontologia; 2018. 

 

Os miRNAs salivares apresentam-se como um potencial biomarcador por ser 

mensurável, previamente ou durante, à manifestação clínica de inúmeras doenças, 

assim como são alvos terapêuticos para o desenvolvimento de medicamentos. No 

entanto, não há protocolos específicos, pré-definidos, para obtenção de miRNA 

salivar. Por isso, o objetivo deste estudo foi realizar uma análise comparativa do 

desempenho do isolamento manual e purificação de miRNA de saliva, pelo processo 

de liofilização, comparando 5 diferentes métodos. A coleta de saliva foi realizada por 

meio de bochecho com solução fisiológica a 0,9% por 1 minuto.  O método de 

isolamento do sobrenadante da saliva foi baseado em centrifugações escalonadas 

seguidas de liofilização, isolando as vesículas extracelulares. Posteriormente, isolou-

se o RNA total por 5 diferentes métodos: Trizol, mirCURYTM RNA Isolation Kit, 

mirCURYTM RNA Isolation Kit modificado, RNA total mirVanaTM miRNA Isolation kit, 

Small RNA mirVanaTM miRNA Isolation kit, seguido de purificação por solução de 

clorofórmio/fenol 1:1. A avaliação da concentração e pureza do RNA total foi 

realizada através do espectofotômetro . A reação em cadeia polimerase confirmou a 

presença de miRNAs nas amostras isoladas. De acordo com o método utilizado, a 

concetração do miRNA obtido foi de 162,47(±22,57) - 234,33(±26,97) ng/µl, , 

apresentando razão de pureza (260/280) de 1,71(±0,03) - 1,85(±0,08) e razão 

(260/230)  de 1,88(±0,15) - 2,11(±0,06). A análise por Real Time PCR quantitativo 

demonstrou a presença do mir-146b nas amostras isoladas pelos 5 métodos.   

Quatro métodos analisados foram capazes de isolar RNA total de sobrenadante de 

saliva liofilizado com razão de pureza (260/280) superior a 1,79 (±0.02). O método 

total RNA mirVana apresentou amostras mais ricas em microRNA em relação aos 

demais métodos analisados,  apresentando assim menor valor médio 

C(q)=29.80(±0.95). 

 

Palavras-chave: Biópsia líquida, saliva, vesículas extracelulares, miRNAs 

circulantes, liofilização. 



 

ABSTRACT 

 

 

Cruz VQ. Comparison among Five Different Methods of Extracting Exosomal 
RNA from Lyophilized Saliva Supernatant [tese]. Niterói: Universidade Federal 
Fluminense, Faculdade de Odontologia; 2018. 
 

 

Salivary miRNA is a potential biomarker because they are measurable, before or 

during the clinical manifestation of numerous diseases, as well as being therapeutic 

targets for drug development. However, there are no specific, pre-defined protocols 

for obtaining salivary miRNA. Therefore, the objective of this study was to conduct a 

comparative analysis of the performance of manual isolation and purification of saliva 

miRNA through the lyophilization process, comparing 5 different methods. Saliva 

samples were collected by rinsing the mouth with 0.9% physiological saline solution 

for 1 minute. The method of isolating saliva supernatant was based on stepwise 

centrifugations followed by lyophilization, isolating the extracellular vesicles. 

Subsequently, total RNA was isolated using 5 different methods: Trizol, mirCURYTM 

RNA Isolation Kit, mirCURYTM RNA Isolation Kit modificado, RNA total mirVanaTM 

miRNA Isolation kit, Small RNA mirVanaTM miRNA Isolation kit; followed by 

purification using 1:1 phenol/chloroform solution. The total RNA concentration and 

purity was assessed via spectrophotometer. Polymerase chain reaction confirmed 

the presence of miRNAs in the isolated samples. According to the method used, the 

concentration of miRNA obtained was 162.47(±22.57) - 234.33(±26.97) ng/µl, 

presenting a purity ratio (260/280) of 1.71(±0.03) - 1.85(±0.08) and a 260/230 ratio of 

1.88(±0.15) - 2.11(±0.06). Quantitative Real Time PCR analysis demonstrated the 

presence of mir-146b in the samples isolated by the 5 methods. Four methods 

analyzed were able to isolate total RNA from freeze-dried saliva supernatant with a 

(260/280) purity ratio greater than 1.79(±0.02). The total RNA mirVana method 

presented richer samples in microRNA if compared to the other analyzed methods, 

thus presenting a lower mean value C (q) = 29.80 (± 0.95). 

 

Key words: liquid biopsies, saliva, extracellular vesicles, circulating miRNAs, 

lyophilization. 
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1 - INTRODUÇÃO  

 
MicroRNA (miRNA) são pequenos RNAs não codificados com cerca de 18-25 

nucleotídeos localizados predominantemente dentro de exossomos, vesículas 

extracelulares, derivadas de endossomo, especializadas na comunicação celular tanto 

local (celula-célula) quanto à distância. Além disso, Os exossomos facilatam a 

transferência extracelular direta de proteínas, lipídios, mRNA, miRNA, DNA entre 

celulas. Os RNAs exossomais apresentam essencial função no processo biológico, 

regulando a expressão gênica por meio de interações com o RNA mensageiro (mRNA), 

por dois mecanismos: degradação do mRNA e interrupção do processo de translação 

(Weber et al. 2010, Alevizos et al. 2011, Ding et al. 2016, Yap et al. 2016). Greening et 

al. 2015 

A biossíntese do miRNA inclui etapas nucleares e citoplasmáticas. Inicialmente, 

mRNAs são transcritos pela RNA polimerase II para gerar moléculas ou pri-miRNA 

precursoras com um tampão (7-metil-guanosina) na extremidade 5' e uma cauda de 

poli-A na extremidade 3'. Subsequentemente, estes pri-miRNA são processados no 

núcleo por um complexo proteico chamado "microprocessador", responsável por gerar 

um menor precursor conhecido como pré-miRNA (Lugo-Trampe, 2009). A exportin-5 é 

responsável pela exportação do pré-miRNA do citoplasma. Sebsequente a clivagem do 

Dicer, a dupla fita de miRNA é desenrolada e a vertente mensageira é degradada. O  

miRNA maduro é então incorporado ao miRISC onde o silenciamento do gene pode ser 

realizado através da clivagem do mRNA alvo ou anelamento ao mRNA (Zhu, Fran, 

2011) (Figura 1).  

 

 

 

Figura 1. Represetação esquemática da biossíntese do MicroRNA. 
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MiRNAs circulantes são obtidos de biofluidos como saliva, sangue, soro, plasma, 

urina, fluido cérebro-espinhal, fluido pleural, lágrima, leite (Weber et al. 2010, Bjersing 

et al. 2013, Ding et al. 2015, Humeau et al. 2015, Izzotti et al. 2016, Nagata et  al. 

2016, Hicks & Middleton, 2016, Masotti et al. 2017). Evidenciou-se também sua 

presença em tecidos (Stanczyk et al. 2008, Lee et al. 2010, Wiklund et al. 2011), 

pellet e sobrenadantes de cultura celular (Stanczyk et al. 2008, Kurowska-Stolarska 

et al. 2011, Bossel Ben-Moshe et al. 2012). Dessa forma, foram considerados 

promissores biomarcadores para diagnóstico e prognóstico de doenças como 

neoplasias malignas (Ding et al. 2016), fibromialgia (Cerdá-Olmedo et al. 2015, 

Masotti et al. 2017), doenças cardíacas (Wong et al. 2016) e doenças autoimunes 

(Stanczyk et al. 2008, Alevizos et al. 2011, Churov et al. 2015).   

Atualmente, a saliva é alvo de muitos estudos devido a sua coleta não invasiva, 

fácil obtenção e excelente fonte de biomarcadores (Yap et al. 2016, Porto-

macaranhas et al. 2017). Além da presença de miRNAs,  a saliva apresenta uma gama 

de outras substâncias incluindo proteínas, mRNA, metabólitos e carboidratos. Sua 

análise pode ser realizada por diferentes métodos como Enzyme-Linked 

Immunosorbent Assay (ELISA), Reverse transcriptation-quantitative polymerase chain 

reaction (RT-qPCR), Quantitative protein immunoblot, Method of Lowry, Enzyme 

immunoassay (EIA), Surface-enhanced laser desorption/Ionization mass spectrometry 

(SELDI-MS), Hidrophylic interaction chromatography-ultra-performance liquid 

chromatography-mass spectrometry (HILIC-UPLC–MS), Hiddrophylic interaction 

chromatography-electrospray ionization-mass spectrometry (HILIC-ESI–MS), Reversed-

phase liquid chromatography-electrospray Ionization-mass spectrometry (RPLC-ESI–

MS) (Porto-macaranhas et al. 2017),  miRNAs array analyses (Microarray) (Patel et al. 

2011) e Polymerase Chain Reaction (PCR) array (Kobayashi et al. 2017).  

O miRNA salivar apresenta o potencial de ser biomarcadores mensuráveis e 

observáveis previamente ao aparecimento clínico de doença de mucosa, assim como 

são alvos terapêuticos (Yap et al. 2016). No entanto, existe uma falta de protocolos 

padronizados para a extração de miRNA e muito pouco consenso sobre as plataformas 

tecnológicas e ferramentas de normatização para avaliar os níveis de expressão de 

miRNAs (Kulstein et al. 2016, Zocco & Zarovi, 2017). Diferentes métodos de extração 

de RNA exossomal para biofluidos foram descritos na literatura incluindo técnicas à 

base de Phenol (Trizol R), sistema de colunas (miRCURY, RNeasy Mini Kit, miRNeasy 

Mini Kit), associação de Phenol e sistema de colunas (Trizol®+clean up, mirVana ), ou 

ainda, sistemas de coluna modificados (Tabela 1) (Eldh et al. 2012, Lasser et al. 2012, 

Xie at al. 2014, Zocco & Zarovi, 2017). A maioria destas técnicas utilizam como 

primeira etapa o processo de ultracentrifugação (UC) para isolamento das vesículas 

extracelulares, o qual é caracterizado como uma técnica meticulosa, de auto custo e 

necessidade de equipamentos laboratoriais específicos (Lane et al. 2017).  
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Tabela 1. Técnicas de extração de RNA. 

 

Técnica Método de extração RNA Custo Rendimento Amostras Aplicação Referência 

A base de 
Phenol 

 
 
 
TrizolR Reagent 
(Invitrogen) 

US$ 220,00 
ou 

US$ 397,00 

100 ou 200 
amostras 

 

Tecidos 
Células 
Biofluídos 

RT-PCR,  Análise 
Northern Blot, Dot 

Blot hybridização, 

poly(A)+ selection,  
Transfecção in vitro, 

RNase protection 

assay, e clonagem 
molecular  

TRIzol™ Reagent 
User Guide, 2016 
Humeau et al. 2015 
Zocco, Zarovi, 2017 

Sistema de 
colunas 

 
miRCURY TM isolation kit- 
Biofluids (Exiqon) 
 

US$ 316,00 
 

50 amostras Biofluidos RT-PCR, RNA 

amplificação, 

Analise de microarray 

miRCURY TM 
isolation kit- 
Biofluids, 2015 

Sistema de 
colunas 
modificado 

 
miRCURY TM isolation kit 
modificado - Biofluids 
(Exiqon) 
 

Associação 
de Phenol e 
sistema de 
colunas 

 
mirVanaTM PARISTM kit 
(Ambion) 
 
(Protocolos RNA total e 
Small RNA)  

US$ 398,00 40 amostras Tecidos  
Células 
Líquido 

RT-PCR, RNA 
amplificação, 

microarray analyses, 
solution hybridization 

assays, e  blot 

hybridização 

mirVanaTM PARISTM 

kit, 2008 
Xie et al. 2012 
Xie et al. 2014 

 

Atualmente, a literatura relatou novos métodos para isolamento de vesículas 

extracelulares como reagentes para precipitação, Ultrafiltragem, técnicas de gradiente 

de densidade e imuno-afinidade (Yap et al. 2016, Kobayashi et al. 2017, Lane et al. 

2017).  Estes protocolos de isolamento são variáveis quanto ao custo, equipamentos, 

tempo de processamento, tipo e volume de material utilizado, assim como pureza do 

RNA isolado. Por isso, a determinação do protocolo mais adequado para cada biofluido 

dependerá das características da amostra, bem como a natureza e os pré-requisitos da 

análise a ser realizada (Tabela 2) (Lane et al. 2017). 

 

Tabela 2. Técnicas de isolamento das vesículas extracelulares (VE). 

Técnica Descrição Volume final 
obtido 

Custo Tempo de 
processamen

to 

Equipamentos 
necessários 

Referência 

Ultracentrifugação Separação das vesículas 
extracelulares de outros 
componentes da amostra 
baseado em suas taxas de 
sedimentação diferencial    

Amostra bruta, 
nenhum volume. 
 
 

Ultracentrífuga 
refrigerada wx 
80+ - Thermo 

Scientific + rotor + 
tubos 10mL 

US$ 88.129,00 

3–6 h Ultracentrifuga e 
tubos  

compatíveis 

Zocco & Zarovi, 
2017 
Lane et al. 2017 

Ultrafiltragem O primeiro passo para 
concentrar vesículas 
extracelular a partir de um 
grande volume de material 
inicial, em um pequeno 
volume (1-2 mL) 

Amostra bruta, 
nenhum volume. 
. 

12 amostras 
volume ~15ml 
~US$ 388,00 

1–3 h Centrifuga 
Benchtop 
 

Lane et al. 2017 

Separação por 
gradiente de 
densidade 
 

Separação de vesículas 
extracelulares de outros 
contaminantes com base na 
sua densidade flutuante, que 
para os exossomos é 
estimado em 1,13 -1,19 
g/mL. 

Concentrado de 
VEs, 1 mL de 
volume 

MDL number 
MFCD00867965 

250ml 
US$ 617,00 

20–24 h Ultracentrifuga e 
tubos  

compatíveis 

Lane et al. 2017 

Imuno-afinidade Separação de 
subpopulações de EV 
baseado na expressão de 
marcadores de superfície. 

Concentrado de 
VEs, ~100 μL de 
volume 

Catalog number:  
10608D 

3ml 
US$405,00 

18–20 h Separador 
Magnético, 
shaker 

Zocco & Zarovi, 
2017 
Lane et al. 2017 

Reagentes 
Proprietários a 
base de polímero 
 

São projetados para facilitar 
a precipitação de vesículas 
durante a centrifugação de 
baixa velocidade (20.000xg) 
(taxa de sedimentação) 

Amostra bruta, 
nenhum volume. 
 

Catalog number 
4484453 

6ml 
R$ 480,00 

2–18 h Centrifuga 
Benchtop 

Kobayashi et al. 
2017 
Lane et al. 2017 

Cromatografia de 
exclusão por 
tamanho 
 

Separação de componentes 
moleculares de amostra com 
base na taxa diferencial de 
movimento através de uma 
matriz de gel de 
componentes de diferentes 
tamanhos. 
 

Concentrado de 
VEs, ~500 μL de 
volume 

48 colunas  
25 ml 

US$385.00 

1–2 h  
- 

Size Exclusion 
Chromatography 
Principles and 
Methods, 2014 
Lane et al. 2017 

 

https://www.thermofisher.com/order/catalog/product/4484453
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Além disso, apesar dos miRNAs candidatos a biomarcadores salivares terem 

sido identificados por análise de microarray, os resultados desses estudos foram 

altamente inconsistentes e mostraram discrepâncias quanto ao volume de material 

utilizado, assim como a pureza e concentração do RNA isolado. Uma possível razão 

para isso poderia ser o uso de diferentes métodos de isolamento, transcrição reversa e 

quantificação (Kulstein et al. 2016). Somando-se à isso, os resultados discordantes 

que consideram o miRNA de sobrenadante de saliva ainda não foram discutidos na 

literatura. Por isso, o objetivo deste estudo foi realizar uma análise comparativa da 

performance do isolamento manual e purificação de miRNA de sobrenadante saliva, 

comparando 5 métodos, utilizando o processo de liofilização para o isolamento de 

vesículas extracelulares. 
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2 - METODOLOGIA 

 

 

Este estudo foi aprovado pelo Comitê de Ética em Pesquisa com Seres 

Humanos do Hospital Universitário Antônio Pedro, sob o parecer número 1.744.837, de 

25 de setembro de 2016. O termo de consentimento livre e esclarecido foi obtido e 

assinado por três participantes de pesquisa. 

 

A metodologia do estudo foi dividida em etapas: 

 

 

1. Coleta e preparação da Saliva  

 

 A saliva foi coletada por meio de bochecho com 5 ml de solução fisiológica, por 

1 minuto, foram coletadas 31 amostras de cada participante de pesquisa (n=3), 

totalizando 93 amostras, com intervalo de 24h entre coletas. Os participantes de 

pesquisa foram orientados a abster-se de comer, beber, fumar e não realizar 

procedimentos de higiene bucal durante pelo menos 1 hora antes da coleta. O material 

coletado foi armazenado à -20ºC até o uso. A saliva foi descongelada à temperatura 

ambiente, centrifugada a 1500xg por 10 minutos em temperatura ambiente. O 

sobrenadante foi transferido para um novo tubo Falcon de 15 ml com descarte do pellet. 

Uma nova centrifugação foi realizada à 5500xg por 20 minutos em temperatura 

ambiente para remoção de debris celulares (Lasser et al. 2012, Zocco & Zarovi, 

2017). seguido de congelamento a -80ºC com o tubo mantido em posição vertical. 

Após 24h de congelamento, o sobrenadante foi transferido para a câmara de 

secagem do liofilizador (LT1000, Enterprise II, Terroni Equipamentos LTDA). O 

processo evolui em uma razão de ± 0,8 mm por hora, sendo aproximadamente 14h 

(overnight) para as amostras estudadas. Após finalização total da liofilização, as 

amostras foram armazenadas a -80ºC até o momento do processamento.  

 

 

2.  Protocolos de preparo das amostras  

  

As amostras foram submetidas à diversos protocolos de preparo previamente ao 

isolamento do RNA total, rico em miRNAs, pois não foi encontrado no protocolo do 

fabricante do Reagente Trizol quaisquer informações sobre utilização do Reagente para 

extração de RNA total de biofluídos (TRIzol™ Reagent User Guide, 2016), como 

também não se obteve informações na literatura sobre liofilização de biofluídos para a 

obtenção de RNA. Mediante isso, cinco tipos de protocolos para preparo de amostras 

foram realizados: 1) Isolamento pelo método Trizol com a amostra liofilizada (seca) 

(Grupo Nenhum tratamento + Trizol); 2) adição de 200μL de água RNase free a 
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amostra liofilizada seguido de isolamento pelo método Trizol (Grupo H2O+Trizol); 3) 

filtragem do sobranadante salivar (filtro 0,2μm) previamente a liofilização e isolamento 

pelo método Trizol (Grupo Filtro+Trizol);  4) adição de 200μL de água RNase free à 

amostra liofilizada seguida de isolamento pelo método Trizol congelamento a -80ºC por 

7 dias, seguido de isolamento pelo método Trizol (Grupo H2O+(-80ºC)+Trizol); 5) 

liofilização associado à permanência das amostras 15 dias em temperatura ambiente 

(Grupo 15 dias+Trizol) (Figura 2).  

Para os 5 protocolos de preparo de amostras realizados, o isolamento de RNA 

exossomal, utilizando-se o método Trizol, baseou-se no protocolo do fabricante para 

extração de mRNA (TRIzol™ Reagent User Guide, 2016)  e informações da literatura 

(Humeau et al. 2015, Zocco & Zarovi, 2017). A concentração do RNA total foi 

analisada por meio do NanoDrop® Spectrophotometer 2000 (Thermo Scientific, 

Wilmington, DE, EUA). Foram realizados, no mínimo, 3 experimentos independentes 

para cada grupo, n=3. 

 

 

 

 

 

 

 

 

 

 

 

 

v 

 

 

 

 

 

 

 

 

 

Figura 2. Fluxograma demonstrando os protocolos de preparo das amostras realizados, a partir 
da coleta,  para cada grupo no Pré-isolamento de RNA exossomal. 

 

 

Saliva

SobrenadantePellet

Isolamento VEExtração DNA     

ou descata

Liofilização

Nenhum Tratam. 
+ Trizol

N=3, 5 exp. indep.

Grupo 
H2O+Trizol

N=3, 3 exp. indep.

Grupo 
Filtro+Trizol

N=3, 5 exp. indep.

Grupo H2O+
(-80ºC)+Trizol

N=3, 4 exp. indep.

Grupo 15 
dias+Trizol

N=3, 3 exp. indep.

5.500 x g, 20 min.

1.500 x g, 10 min. 

-80ºC

Over night

 

200 μl água RNAse free 

1000 μl Trizol 

Vortex 5 seg. 

Transf. tubo 2 mL 

 

1000 μl Trizol 

Vortex 5 seg. 

Transf. tubo 2 mL 

Amostra 

liofilizada 

Tubo 15 mL 

Amostra 

liofilizada 

Tubo 15 mL 

 Liofilização 

Tubo 15 mL 

 

Amostra 

liofilizada 

Tubo 15 mL 

 

Amostra 

liofilizada 

Tubo 15 mL 

 

Protocolo do 

Fabricante 

Amostra 

liofilizada 

Protocolo do 

Fabricante 

Amostra 

liofilizada 

Filtro 0,2mm 

1000 μl Trizol 

Vortex 5 seg. 

Transf. tubo 2 mL 

Protocolo do 

Fabricante 

Amostra 

liofilizada 

200 μl água RNAse free 

Vortex 5 seg. 

Transf. tubo 2 mL 

(-80ºC) por 7 dias 

1000 μl Trizol 

Vortex por 5 seg. 

 

 
Protocolo do 

Fabricante 

Amostra 

liofilizada 

Temp. ambiente 15 dias 

1000 μl Trizol 

Vortex 5 seg. 

Transf. tubo 2 mL 

Protocolo do 

Fabricante 

Amostra 

liofilizada 



 16 

3. Métodos de extração de RNA exossomal 

 

O RNA exossomal foi isolado do sobrenadante de saliva liofilizado utilizando 5 

métodos: 1) Trizol (Invitrogen, Paisley, UK), 2) mirCURYTM RNA Isolation Kit, 3) 

mirCURYTM RNA Isolation Kit modificado (Exiqon, Vedbaek, Denmark), 4) RNA total 

mirVanaTM miRNA Isolation kit (Ambion, Austin, TX, USA) e 5) Small RNA mirVanaTM 

miRNA Isolation kit (Ambion, Austin, TX, USA).  

Para a utilização da liofilização como método de isolamento das vesículas 

extracelulares, baseando-se nos resultados do experimento anterior (item 2), alguns 

procedimentos foram necessariamente introduzidos previamente à utilização dos 

métodos de extração de RNA total segundo recomendação de cada fabricante, como 

demonstrado na figura 3. A concentração e a pureza do RNA total foram analisadas 

através da utilização do NanoDrop® Spectrophotometer 2000 (Thermo Scientific, 

Wilmington, DE, EUA). Foram realizados 4 experimentos independentes para cada 

grupo sendo o valor de n=3.  
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Figura 3. Fluxograma demonstrando os procedimentos ou modificações introduzidos nos protocolos dos 
fabricantes para cada método utilizado na extração de RNA exossomal. 
 
 
 

4. Purificação das amostras 

 

Como a qualidade dos resultados iniciais das amostras isoladas, avaliadas pelo 

espectofotómetro (razão 260/280 e 260/230),  estavam abaixo das referências 

aceitáveis de 1.8 e 2.0 respectivamente (Lam et al. 2012), desenvolveu-se um 

protocolo de purificação para as amostras de RNA total obtidas a partir de 

1000 μl de Trizol Reagent 

Vortex por 5 sec. 

Incubar  5 min.  Tem. Amb. 

Transf. tubo 2.0 ml 

Transf. tubo 2.0 ml 

20 μl de S. Prec. Proteína BF 

Vortex por 5 sec. 

Incubar  1 min.  Tem. Amb. 

 

200 μl água RNAse free 

Vortex por 5 sec. 

60 μl de solução lysis 

Vortex por 5 sec. 

Incubar  3 min.  Tem. Amb. 

Transf. tubo 2.0 ml 

200 μl de água RNAse free 

Vortex por 5 sec. 

60 μl de solução lysis 

Vortex por 5 sec. 

Incubar  3 min.  Tem. Amb. 

A partir deste ponto sefuiu-

se os protocolos do 

fabricantes. 

800 μl Phenol/clorofórmio 

Vortex por 60 sec. 

Incubar  1 min.  Tem. Amb. 

 

400 μl da S. Cell Disruption BF 

Vortex por 5 sec. 

400 μl de solução 2X  Desnaturing 

Vortex por 5 sec. 

Incubar  5 min.  Tem. Amb. 

11.000 x g, 3 min.  

 

Sobrenadante  

 
Pellet  

 
Descata  

 

Sobrenadante  

 

Transf. novo tubo 2.0 ml 

20 μl de S. Prec. Proteína BF 

Vortex por 5 sec. 

Incubar  1 min.  Tem. Amb. 

 
11.000 x g, 3 min.  

 

Pellet  

 
Descata  

 
A partir deste ponto sefuiu-

se o protocolo do 

fabricante. 

Transf. tubo 2.0 ml 

12.000 x g, 10 min. 

Transf.  fase aquosa para  

novo tubo 2.0 ml 

A partir deste ponto sefuiu-

se o protocolo do 

fabricante. 

Protocolo de Purificação 
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sobrenadante de saliva. Então, todas as amostras de RNA isoladas de sobrenadante de 

saliva, como as amostras obtidas pelas cinco diferentes técnicas descritas e pelos 

protocolos de preparo foram submetidas ao mesmo método de purificação que foi o 

seguinte: adição de 500μL de solução de fenol/clorofórmio 1:1 ao RNA isolado, 

homogeinização delicada por 2 minutos, centrifugação a 12.000 x g por 15 minutos a 

8ºC, seguida de coleta e descarte das vesículas formadas na superfície da amostra.  

Posteriormente, adicionou-se 2,5 do volume da amostra de etanol PA 95% a 

temperatura ambiente e 0,1 do volume de Acetato de Sódio 3M (PH 5.2), 

homogeneizou-se vagarosamente por 2 minutos, incubou-se em freezer -80ºC por 30 

minutos, centrifugou-se a 10.000 x g por 20 minutos a temperatura de 8ºC.  O 

sobrenadante foi descartado e adicionou-se 1ml de etanol 70%, centrifugou-se a 7.500 

x g por 5 minutos a temperatura de 8ºC, descartou-se o sobrenadante novamente 

(repetiu-se esta etapa por 4x). O tubo foi emborcado sobre papel absorvente por 10 a 

15 minutos para secagem do pellet. 

 Ressuspendeu-se o pellet em 20μL de água RNAse Free e a concentração do 

RNA total foi analisada por meio do NanoDrop® Spectrophotometer 2000 (Thermo 

Scientific, Wilmington, DE, EUA) (Figura 4). A pureza foi avaliada por meio do 

espectrofotômetro na absorvância 230, 260 e 280nm. A razão 260/280 de 1.80 foi 

considerada como padrão ideal para as nossas amostras, baseando-se em Lam et al. 

(2012). As mensurações foram realizadas de acordo com as recomendações dos 

fabricantes, utilizando 1uL do RNA extraído.  

 

 

 
 
Figura 4. Fluxograma demonstrando os procedimentos realizados no processo de purificação das amostras 

de RNA exossomal. 
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5. Análise de microRNA por meio de RT-PCR 

 

A reação da transcriptase reversa (RT) foi realizada usando TaqMan® MicroRNA 

Reverse Transcription Kit (PN 4366596, 200 reactions). Utilizou-se 2ng/μL de RNA total 

(30ng), 1X stem-loop RT primer (3 μL) (mir-146b), 3.33 U/μL reverse transcriptase (1 

μL), 0.25 U/μL RNase inhibitor (0.19 μL), 0.25 mM dNTPs (0.15 μL), e 1X buffer (1.50 

μL) num volume final de 15 μL, sendo incubados a 16 °C durante 30 min, 42 °C durante 

30 min e 85 ° C durante 5 min, no termociclador MyCyclerTM (BioArt, EUA), segundo o 

prtocolo TaqMan®MicroRNA Assays.  

Foram incluídas amostras negativas para Transcriptase reversa (RT-, no RT), 

assim como amostras em branco (sem amostras, mas com RT) como controles 

negativos. Após o passo da RT, 1.33µL de reação RT (cDNA) foi combinado com 1.0 µL 

de TaqMan MicroRNA Assay (20X; forward primer, reverse primer, e sonda) e 10µL de 

TaqMan® Universal PCR Master Mix II, No UNG (PN 4428175) em 20-µL de volume 

final. Real-time PCR foi realizado usando o Agilent Technologies Stratagene Mx3005P 

com ciclos de 95°C por 10 minutos, seguido de 95°C por 15 segundos e 60°C por 60 

segundos, num total de 40 ciclos. Cada TaqMan Assay foi executado em triplicata, n=3. 

O valor do C(q) foi considerado para avalição da expressão entre os métodos. 

 

 

6. Análise Estatística 

 

O processamento dos dados e a análise estatística foram realizados utilizando-

se o programa Graph Pad Prism 7.0, 2017 (CA, USA). Para verificação da distribuição 

normal das variáveis numéricas foi utilizado o teste de Shapiro-Wilk, seguido da análise 

de one-way ANOVA/Teste de Tukey para distribuição normal e teste de Kruskal Wallis 

para distribuição não normal. Valores de p<0.05 foram considerados estatisticamente 

significativos, com intervalo de confiança de 95% (IC). 
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 Objective: To conduct a comparative analysis of the performance of manual isolation 

and purification of saliva miRNA through the lyophilization process, comparing five 

different methods.  

 

Design: Saliva samples were collected by rinsing the mouth with 0.9% physiological 

saline solution for 1 minute. The method of isolating saliva supernatant was based on 

stepwise centrifugations followed by lyophilization, isolating the extracellular vesicles. 

Subsequently, total RNA was isolated using 5 different methods: Trizol, mirCURYTM 

RNA Isolation Kit, mirCURYTM RNA Isolation Kit modificado, RNA total mirVanaTM 

miRNA Isolation kit, Small RNA mirVanaTM miRNA Isolation kit; followed by 

purification using 1:1 phenol/chloroform solution. The total RNA concentration and 

purity was assessed via spectrophotometer. Polymerase chain reaction confirmed the 

presence of miRNAs in the isolated samples.  

 

Results: According to the method used, the concentration of miRNA obtained was 

162.47(±22.57) - 234.33(±26.97) ng/µl, presenting a purity ratio (260/280) of 

1.71(±0.03) - 1.85(±0.08) and a 260/230 ratio of 1.88(±0.15) - 2.11(±0.06). 

Quantitative Real Time PCR analysis demonstrated the presence of mir-146b in the 

samples isolated by the 5 methods. Four methods analyzed were able to isolate total 

RNA from freeze-dried saliva supernatant with a (260/280) purity ratio greater than 

1.79(±0.02). The total RNA mirVana method presented samples with more microRNA 

identification than the other analyzed methods, thus presenting a lower mean value C 

(q) = 29.80 (± 0.95). 
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Conclusions: All 5 methods were able to isolate total RNA from lyophilized saliva 

supernatant with a purity ratio (260/280) higher than 1.71(±0.03). The total RNA 

MirVana method showed a greater ability to isolate microRNA if comparet to other 

analyzed methods. 

 

Key words: liquid biopsies, saliva, extracellular vesicles, circulating miRNAs, 

lyophilization.   
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Introduction 

 

MicroRNA (miRNA) are small non-conding RNAs with about 18-25 nucleotides, 

located predominantly within exosomes, which are extracellular vesicles derived from 

endosome, specialized in both local (cell-cell) and distant cellular communication. In 

addition, exosomes facilitate the direct extracellular transfer of proteins, lipids, mRNA, 

miRNA and DNA among between cells. The exosomal RNAs play an essential role in 

the biological process, regulating gene expression by interactions with messenger 

RNA (mRNA), through two mechanisms: mRNA degradation and interruption of the 

translation process.1- 4 

The biosynthesis of miRNA includes nuclear and cytoplasmic steps. Initially, 

mRNAs are transcribed by RNA polymerase II to generate precursor molecules or pri-

miRNA with a cap (7-methylguanosine) at the 5' end and a poly-A tail at the 3' end. 

Subsequently, these pri-miRNAs are processed in the nucleus by a protein complex 

called the "microprocessor", responsible for generating a smaller precursor known as 

pre-miRNA.5 Exportin-5 is responsible for pre-miRNA exportation from the cytoplasm. 

Subsequent to Dicer cleavage, the miRNA duply is unwound and the passenger 

strand degraded. The guide strand (mature miRNA) is then incorporated into the 

miRISC where gene silence can be accomplished via mRNA target cleavage, 

translational repression, or mRNA deadenylation.6 

Circulating miRNAs are obtained from biofluids such as saliva, blood, serum, 

plasma, urine, cerebrospinal fluid, pleural fluid, tears and milk 1, 7-13 Their presence 

has also been observed in tissues 14-16 and cell culture pellets and supernatants.14,17-

18 miRNAs have been considered promising biomarkers for the diagnosis and 

prognosis of diseases such as malignant neoplasms,3 fibromyalgia,13,19 cardiac 

diseases,20 and autoimmune diseases.2,14, 21  

Currently, saliva is the target of many studies due to its non-invasive ease 

collection and excellent source of biomarkers.4, 22 In addition to the presence of 

miRNAs, saliva presents a range of other substances including proteins, mRNA, 

metabolites, and carbohydrates. Its analysis can be carried out using different 

methods such as Enzyme-Linked Immunosorbent Assay (ELISA), Reverse 

transcription - quantitative polymerase chain reaction (RT-qPCR), Quantitative protein 

immunoblot, Lowry's Method, Enzyme immunoassay (EIA), Surface-enhanced laser 

desorption/ionization - mass spectrometry (SELDI-MS), Hidrophilic interaction 

chromatography - ultra-performance liquid chromatography - mass spectrometry 

(HILIC-UPLC–MS), Hidrophilic interaction chromatography - electrospray ionization - 

mass spectrometry (HILIC-ESI–MS), Reversed-phase liquid chromatography - 

electrospray Ionization - mass spectrometry (RPLC-ESI–MS),22 miRNAs array 

analysis (Microarray),23 and Polymerase Chain Reaction (PCR) array analysis.24 

Salivary miRNA has the potential to be both measurable biomarkers 

observable prior to clinically visible mucosae disease, as well as therapeutic targets.4 

However, there is a lack of standardized protocols for the extraction of miRNA and 
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very little consensus on the technological platforms and normalization tools for 

assessing the expression levels of.25-26 Different methods of extracting exosomal RNA 

for biofluids have been described in the literature, including techniques based on 

Phenol (Trizol R), column systems (miRCURY, RNeasy Mini Kit, miRNeasy Mini Kit), 

combination of Phenol and column system (Trizol®+clean up, mirVana), or even 

modified column systems (Table 1).25, 27-29 Most of these techniques use, as a first 

step, the ultracentrifugation (UC) process for precipitation of exosomal RNA which is 

characterized by a meticulous and high cost method, and it requests specific 

laboratorial equipment.30 

Recently, the literature has reported new methods for the isolation of 

extracellular vesicles such as precipitating reagents, filter columns, and 

immunoaffinity and density gradient techniques.4, 24, 30  These isolation protocols vary 

in terms of cost, equipment, processing time, type and volume of material used, as 

well as purity of the isolated RNA. Therefore, the determination of the most 

appropriate protocol for each biofluid will depend on the characteristics of the sample, 

as well as the nature and prerequisites of the analysis to be performed.30 

Despite the fact that candidate miRNA biomarkers in saliva were already been 

identified by microarray analysis, the  results of these studies were highly inconsistent 

and showed discrepancies on the volume of material used, as well as purity and 

concentration of the isolated RNA. A possible reason for this could be the different 

methods used for isolation, reverse transcription and quantitation.26 In addition, the 

irreproducible results considering miRNA from supernatant saliva still have not been 

discussed in the literature. Therefore, the aim of this study was to conduct a 

comparative analysis of the performance of manual isolation and purification of 

miRNA from saliva, comparing five different methods, by using lyophilization process 

for extracellular vesicle isolation. 

 

Material and methods 

 

This study was approved by The Human Ethics Committee of Antônio Pedro 

University Hospital (#1.744.837). Informed written consent was obtained from the 3 

participants. 

The study method was divided into 6 stages: 

 

1.Saliva Collection and Preparation 

 Saliva was collected by rinsing the mouth with 5 ml of physiological saline 

solution, for 1 minute, 31 samples were collected from each subject (n=3), totaling 93 

samples, with a 24-hour interval between collections. Study participants were 

instructed to refrain from eating, drinking, and smoking, and to avoid oral hygiene 

procedures for at least 1 hour prior to collection. The collected material was stored at 

-20ºC until use. The saliva was thawed at room temperature, centrifuged at 1500xg 
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(Thermo Scientific Centrifuge, USA) for 10 minutes at room temperature. The 

supernatant was transferred to a new 15 ml Falcon tube, discarding the pellet. 

Another centrifugation was performed at 5500xg for 20 minutes at room temperature 

in order to remove cell debris,25, 28 followed by freezing at -80°C with the tube held 

upright 

After 24 hours of freezing, the supernatant was transferred to the lyophilizer 

drying chamber (LT1000, Enterprise II, Terroni Equipment LTDA). The process 

advanced at a rate of ±0.8 mm per hour (the sample dry about 0.8mm on each hour), 

spending approximately 14 hours (overnight) for the samples studied processing. 

After lyophilization was completed, the samples were stored at -80°C until processing 

time. 

  

2. Sample preparation protocols 

 

The samples were submitted to several treatments prior to the isolation of the 

total RNA rich in miRNAs. Since no information was found in the Trizol Reagent  

manufacturer’s protocol for the use of the Reagent for extraction of total RNA from  

biofluids31, and also no information was obtained in the literature about biofluids 

lyophilization to obtain RNA, five protocols for sample preparation were performed: 1) 

Isolation by the Trizol method with the lyophilized (dry) sample (No Treatment + Trizol 

Group); 2) addition of 200µl of RNase-free water to the lyophilized sample, followed 

by isolation by the Trizol method (H2O + Trizol Group); 3) filtration of the salivary 

supernatant (0.2µm filter) prior to lyophilization, and isolation by the Trizol method 

(Filter + Trizol Group); 4) addition of 200µl of RNase-free water to the lyophilized 

sample, freezing at -80°C for 7 days and isolation by the Trizol method (H2O + (-

80°C) + Trizol Group); 5) lyophilization combined with keeping the samples at room 

temperature for 15 days (15 days + Trizol Group). 

For the five sample preparation protocols performed, the isolation of exosomal 

RNA by the Trizol method was carried out according to the manufacturer's protocol 

for mRNA extraction31 and literature information.9,25 Total RNA concentration was 

analyzed using the calibrated NanoDrop® Spectrophotometer 2000 (Thermo 

Scientific, Wilmington, DE, USA). A minimum of three independent experiments were 

performed for each group, n=3. 

 

3. Exosomal RNA extraction methods 

Exosomal RNA was isolated from the lyophilized saliva supernatant using five 

methods: 1) Trizol (Invitrogen, Paisley, UK), 2) mirCURY™ RNA Isolation Kit, 3) 

modified mirCURY™ RNA Isolation Kit (Exiqon, Vedbaek, Denmark), 4) Total RNA 

mirVana™ miRNA Isolation Kit (Ambion, Austin, TX, USA), and 5) Small RNA 

mirVana™ miRNA Isolation Kit (Ambion, Austin, TX, USA). 
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In order to use lyophilization as a sample isolation method of extracellular 

vesicles, we based ourselves on the results of the previous experiment (item 2) and  

some procedures were necessarily to be introduced prior to using the total RNA 

extraction methods according to each manufacturer's recommendation, as shown in 

Figure 1. The concentration and purity of the total RNA were analyzed using the 

calibrated NanoDrop® Spectrophotometer 2000 (Thermo Scientific, Wilmington, DE, 

USA). Four independent experiments were performed for each group, with the n 

value = 3. 

 

4. Purification of the samples 

As the quality of the initial results of the isolated samples, evaluated by the 

spectrophotometer (ratio 260/280 and 260/230), were below the acceptable 

references of 1.8 and  2.0 respectively (Lam et el. 2012)32, purification protocol was 

developed for the supernatant saliva total RNA. All the isolated RNA samples were 

submitted to the same purification method: addition of 500μL of 1:1 phenol/chloroform 

solution to the isolated RNA, gentle mixing for 2 minutes, centrifugation at 12,000 x g 

(Sigma  2K15 Centrifuge, UK)  for 15 minutes at 8°C, followed by collection and 

discarding of the vesicles formed on the sample’s surface. Subsequently, 2.5 volumes 

of the sample of 95% ethanol PA at room temperature and 0.1 volume of 3M Sodium 

Acetate (PH 5.2) were added, mixed slowly for 2 minutes, incubated in a -80°C 

freezer 30 minutes, and centrifuged at 10,000 x g for 20 minutes at 8°C. The 

supernatant was discarded, 1ml of 70% ethanol was added, and this was centrifuged 

at 7,500 x g for 5 minutes at 8°C, then the supernatant was discarded again (this step 

was repeated for [4x4 times]. The tube was tipped onto absorbent paper for 10 to 15 

minutes to dry the pellet. The pellet was resuspended in 20μL of RNAse-free water 

and the total RNA concentration was analyzed using the calibrated NanoDrop® 

Spectrophotometer 2000 (Thermo Scientific, Wilmington, DE, USA). The purity was 

assessed with the spectrophotometer at 230, 260, and 280nm absorbance. The 

260/280 ratio of 1.80 was considered the ideal standard for our samples, based on 

Lam et al., 2012.32 Measurements were done according to the manufacturer's 

recommendation using 1uL of extracted RNA. 

 

5. MicroRNA analysis using RT PCR 

The RT reaction was performed using the TaqMan® MicroRNA Reverse 

Transcription Kit (PN 4366596, 200 reactions). Next, 2ng/μL of RNA (30ng), 1X stem-

loop RT primer (3 μL) (mir-146b), 3.33 U/μL reverse transcriptase (1 μL), 0.25 U/μL 

RNase inhibitor (0.19 μL), 0.25 mM dNTPs (0.15 μL), and 1X reaction buffer (1.50 μL) 

were run in a total reaction volume of 15 μL and incubated at 16°C for 30 min, and 

42°C for 30 min, and 85°C for 5 min in MyCyclerTM thermal cycler (BioArt, USA) 

following TaqMan® MicroRNA Assays Protocol. Reverse Transcriptase negative 

samples (RT-, no RT added) were included as well as sample blanks as negative 
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controls (no sample, but RT). Following the RT step, 1.33µL of the RT reaction was 

combined with 1.0 µL of a TaqMan MicroRNA Assay (20X; forward primer, reverse 

primer, and probe) and 10µL of TaqMan® Universal PCR Master Mix II, no UNG (PN 

4428175), in a 20-µL final volume. Real-time PCR was performed using an Agilent 

Technologies Stratagene Mx3005P with cycling conditions of 95°C for 10 min 

[followed by 95°C for 15 sec and [60°C for 60 sec] for a total of 40 cycles. Each 

TaqMan Assay was run in triplicate. The value of C(q) was considered in assessing 

the expression between the methods. 

 

6. Statistical Analysis 

Data processing and statistical analysis were conducted using the GraphPad 

Prism, 2017 program (CA, USA). The Shapiro-Wilk test was used to evaluate 

distribution among variables. ANOVA/Tukey or Kruskal Wallis tests were used to 

compare means between groups when the variable was in a normal or non-normal 

distribution, respectively. Values of p<0.05 were considered statistically significant, 

with a 95% confidence interval (CI). 

 

Results 

 

1. Sample preparation protocols 

The comparison between different sample preparation protocols the saliva 

supernatant, followed by extraction of the exosomal RNA by the Trizol method and 

submitting it to the purification method, showed no difference between the groups. All 

groups had a 260/280 correlation higher than 1.8, demonstrating the purity (Table 2). 

 

2. Result of the comparison of the five different methods and purification 

The five methods analyzed were able to extract the exosomal RNA from 

lyophilized salivary supernatant with a yield of at least 162.47 (± 22.57) ng/µl after 

purification using a (1:1) phenol/chloroform solution. There was a difference between 

the mirCURY (234.33(±26.97)) and Small RNA mirVana (162.47 (±22.57)) groups 

concentration, (p=0.012). There was also a difference between the Total RNA 

mirVana (224.16 (±16.82)) and Small RNA mirVana (162.47 (±22.57)) groups 

concentration, (p=0.029). The quality of the RNA samples became higher after the 

purification processing, however, the Small RNA mirVana method presented low 

260/280 (1.71 (±0.03)) and 260/230 (1.88 (±0.15)) ratios compared to the others 

studied methods (Table 3). 
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3. Analysis of microRNA in lyophilized saliva supernatant by means of Real 

Time PCR 

The presence of miR-146b in total RNA isolated from lyophilized saliva supernatant 

was confirmed by Real Time quantitative PCR, N=3 (Figure 2). These procedures 

were performed in order to confirm the presence of miRNA in all isolated samples.  It 

was observed that there was amplification in the five methods analyzed (Figure 2B-

2F), but the Total RNA mirVana method showed a lower C(q) expression, equaling 

29.80(±0.95), followed by Trizol C(q), equaling 34.53(±1.65). The mirCURY, modified 

mirCURY, and Small RNA mirVana methods presented mean C(q) values of 

37.02(±0.16), 37.57(±3.18), and 36.38(±0.16) respectively, but there was no statistical 

difference, as shown in the mean C(q) values of the triplicates and the general mean 

values in Table 4. 

 

Discussion 

 

The exosomal location of miRNAs requires processes for isolating extracellular 

vesicles prior to miRNA extraction. The gold-standard method for vesicle isolation in 

biofluids is ultracentrifugation,33 however, new methods have now been introduced, 

such as precipitation reagents,4, 24, 33 filter columns, size exclusion columns30 and 

lipid-nanoprobe system.34 These techniques present additional costs, in addition, 

none have been properly described for salivary samples, and some are without 

indication for nucleic acid analysis. Thus, the aim of this study was to conduct a 

comparative analysis of the performance of manual isolation and purification of 

miRNA from saliva by the lyophilization process for miRNA isolation. Our main results 

showed that (1) all 5 methods analized were able to isolate total RNA from 

supernadant of lyophilized saliva with purity superior to 1,71(±0.02), and (2) mirVana 

total RNA method presented samples with more microRNA identification than the 

other analyzed methods, thus presenting a lower mean value C (q) = 29.80 (± 0.95). 

Lyophilization is characterized by a stabilization process in which a previously 

frozen substance has its amount of solvent (usually water) reduced, initially by 

sublimation followed by desorption, to values that prevent biological activity and 

chemical reactions.35-37 The process occurs under special conditions of pressure and 

temperature, allowing the previously frozen water (solid state) to go directly to the 

gaseous state (without passing through the liquid state), that is, the change of 

physical state occurs through sublimation. In this way, lyophilization allows the 

samples to be concentrated while maintaining their chemical properties.38 In our study 

it was possible with this technique  to obtain RNA yields between 162(±22.57)ng/ul 

and 234(±26.97)ng/ul. Kulstein at al, 2016,26 compared 3 methods for miRNA 

isolation, however, with lower results (≤0.5ng/ul). Previous studies have shown the 

use of lyophilization in the concentration of plant extract for pharmacological use,38 

protein isolation and purification,39 and diagnostic test production,40 but not for 
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application in saliva samples. In addition to the isolation process, lyophilization 

provided stability for years at room temperature in protein drugs derived from plant 

cells.35,37 This stability was demonstrated in our study after storage of the samples for 

15 days at room temperature, without changes in the studied genetic material 

compared to the group with no treatment + trizol. 

In addition, in our study, after lyophilization, five different methods for isolation 

of exosomal RNA were evaluated in order to adapt the techniques to salivary biofluid. 

The results showed that RNA can be isolated in lyophilized supernatant with a 

concentration higher than 162(±22.57)ng/ul; a 260/230 ratio with a mean greater than 

1.88(±0.15); and a 260/280 ratio with mean greater than 1.71(±0.03) after the 

purification process, besides positive results during mir-146 real-time quantitative 

PCR analysis in all 5 methods, reaffirming saliva as a reliable source for studying 

biomarkers, with a high standard of purity and stability when using the described 

technique. 

 In contrast with the results of the study by Lam et al., (2012),32 which states 

that salivary samples do not reach a rigid standard of quality (260/280 ratio between 

1.8-2.2), in our study the saliva supernatant samples, isolated and represented by the 

groups Trizol, mirCURY, modified mirCURY, and total RNA mirVana presented 

260/280 ratios above 1.79(±0.02), confirming their high quality. The values were 

obtained after the purification procedure by (1:1) phenol/chloroform solution. Only the 

small RNA mirVana method presented a lower value (1.71(±0.03)). Interestingly, 

previous studies that isolated miRNAs from saliva neither mention the value obtained 

from the 260/280 ratio, nor the minimum standard value considered.29, 41-44 

 According to Lam et al., 2012,32 plasma, urine, and saliva consistently exhibit 

a "lower than acceptable" 260/230 ratio, with readings in the range of 2.0-2.2 for the 

260/230 ratio being considered pure samples for RNA. Among the methods evaluated 

in our study, only Small RNA mirVana presented a value below this range 

(1.88(±0.15)), confirming the high purity of the samples, characterized by the interval 

1.99(±0.19) - 2.11(±0.06).Previous studies have not reported the minimum value 

considered as the purity standard,29, 41-44 emphasizing the importance and the 

pioneering of the present study.  

 Eldh et al. (2012)27 compared 7 methods of extracting exosomal RNA 

from cell culture supernatant, including Trizol, mirCURYTM kit, and total RNA mirVana 

kit, also investigated in our study. Conversely with our results, real-time quantitative 

PCR analysis showed that the mirCURYTM kit (C(q) = 33.26) showed greater ability to 

isolate microRNA than the mirVanaTM PARISTM kit (C(q) = 36.43). The divergence in 

results could be explained by differences in methodology such as the biofluid used 

and the preparation of cDNA with a fixed volume of 2µl, while in our study we used 

30ng of total RNA per well during plate assembly. On the other hand, the authors 

showed that the 260/230 ratio ranged from 1.8(±0.1) to 2.6(±0.0), the mean 

concentration was approximately 200ng/ul, demonstrating results similar to our study. 

We also note the increased yield from the samples of the present study in the 
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mirCURY, modified mirCURY, and Total RNA mirVana groups after the purification 

process. The yield increase probably occurred due to decontamination from the 

genomic DNA and proteins of the samples after purification. 

 The results of the Hicks et al. (2016)12 study showed that more than 

50% of the miRNAs found in cerebrospinal fluid were also found in saliva, after brain 

trauma. The authors considered salivary miRNAs an ideal substrate for evaluating the 

contusion, in order to guide personalized medical interventions and track the 

therapeutic response. In another study,24 high expression of salivary miR-203a-3p 

was correlated with poor quality of life. These results support the selection of saliva 

as a biofluid for isolating miRNAs, combined also with the ease of collection, being a 

non-invasive procedure, the low cost,4 and the high purity miRNAs, as proven in the 

present study. Thus, saliva becomes a priority biofluid for investigating miRNAs 

revealing therapeutic targets for the control of various diseases. 

In our study, in order to evaluate the behavior of the samples, several sample 

preparation protocols were performed before or after the saliva supernatant 

lyophilization process. After the laboratorial procedures were carried out, it was 

concluded that: 1) There is no need to suspend the samples in RNAse-free water for 

the Trizol method; 2/3) though the suspension can be prepared if needed to transfer 

samples to smaller tubes and follow by freezing without interfering on yield; 4) The 

samples can be transported without refrigeration; 5) there was no statistical difference 

in the yield of the samples in relation to the groups studied (Trizol, H2O+Trizol, 

Filter+Trizol, H2O+(-80ºC)+Trizol, 15days+Trizol). 

In addition to the sample preparation protocols, other adaptations were made 

with samples of lyophilized saliva supernatant. In the mirVana method, according to 

the manufacturer's protocol45, it is recommended to use 100µl of biofluid, however the 

present study tested 100µl and 200µl, and there was no phase separation. And so, 

400ul was used for the two extraction methods, Total RNA mirVana and small RNA 

mirVana, thus showing phase separation. In the modified mirCURY method, in which 

300µl of lysis solution was used, it was necessary to repeat the protein precipitation 

step, since after centrifugation the presence of proteins was indicated by the opacity 

of the supernatant. And even with the increased lysis capacity of the modified 

mirCURY method C(q) = 37.57(±3.18), there was no difference in the identification of 

mir-146b in relation to mirCURY C(q) = 37.02(±0.16). 

 Taking into account all the characteristics: easy manipulation, low cost, yield, 

we consider Trizol Reagent the method of choice for total RNA isolation and miRNAs 

identification. However, considering the relevant aspects of this study, some 

limitations are highlighted, such as: 1) lack of comparison with another protocol for 

isolation of extracellular vesicles; 2) absence of exosomal RNA characterization by 

others methods as western blot. Therefore, future studies should be carried out in 

order to compare the lyophilization process with other isolation techniques to 

demonstrate the total isolation of the extracellular vesicles in biofluids. 
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Conclusion 

 

Lyophilization proved to be a method capable of isolating the extracellular vesicles 

from saliva samples. The five methods were able to isolate total RNA from lyophilized 

saliva supernatant with a purity ratio (260/280) higher than 1.71(±0.03). The total 

RNA MirVana method showed the greater ability to isolate microRNA if compared to 

the other  analyzed methods. 
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Figure 1.  
Flowchart demonstrating the procedures or modifications introduced by manufactorers’ protocol used 
for each method used to extraction of exosomal RNA. 
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Figure 2.  

Real-time PCR (RT-PCR) analysis of the mir-146b isolated from lyophilized saliva supernatant using 

five methods and purified with phenol/chloroform. (A) Image of the amplification of the five methods, 

(B) Trizol, (C) mirCURY, (D) Modified mirCURY, (E) Total RNA mirVana, (F) Small RNA mirVana. 

 

 

 

 

 

D 

 

E F 

A B 

C 



 35 

Table 1. 

RNA extraction techniques. 

Techniques RNA Extraction Method 
 

Yield Sample Application Reference 

Based on Phenol  
 
 
TrizolR Reagent 
(Invitrogen) 

100 or 200 
samples 

Tessui 
Cells 
Biofluids 

RT-PCR, Northern 

Blot analysis, Dot 

Blot hybridization, 
poly(A)+ selection, in 

vitro translation, 

RNase protection 
assay, and molecular 

cloning 

TRIzol™ Reagent 
User Guide, 2016 
Humeau et al. 2015 
Zocco, Zarovi, 2017 

Column syistem   
miRCURY TM isolation kit- 
Biofluids (Exiqon) 
 

50 Samples Biofluids RT-PCR, RNA 

amplification, 
microarray analyses 

miRCURY TM 
isolation kit- 
Biofluids, 2015 

Modified column 
system 

 
miRCURY TM isolation kit 
modificado - Biofluids 
(Exiqon) 
 

Phenol  and 
colunm System 

associate 
 

 
mirVanaTM PARISTM kit 
(Ambion) 
 
(Protocolos RNA total e 
Small RNA)  

40 samples Tessui  
Cells 

Liquid 

RT-PCR, RNA 

amplification, 
microarray analyses, 

solution hybridization 

assays, and blot 
hybridization 

mirVanaTM PARISTM 

kit, 2008 
Xie et al. 2012 
Xie et al. 2014 

 

 

 
 

Table 2 

Comparison among different treatment conditions prior to RNA isolation using the Trizol method. 

 

Method Concentration ng/µl 260/280 260/230 

No treatment+Trizol 284.40(±55.88) 1.82(±0.04) 2.20(±0.05) 

H2O+Trizol 227.46(±33.59) 1.82(±0.05) 2.22(±0.05) 

Filter+Trizol 237.34(±20.89) 1.83(±0.02) 2.24(±0.02) 

H2O+(-80º)+Trizol 227.13(±8.49) 1.84(±0.01) 2.13(±0.10) 

15days+Trizol 244.97(±9.44) 1.88(±0.02) 2.25(±0.05) 

No treatment+Trizol (five independent experiments); filtered saliva supernatant (0.2µm filter) and 
lyophilization = Filter+Trizol (four independent experiments); H2O+(-80°C)+Trizol (four independent 
experiments); H2O+Trizol and 15days+Trizol (three independent experiments). Data presented by 
means followed by standard deviation (SD), ), ANOVA/Tukey test was used to compare means 
between groups. 
 

 

 

Table 3 
Comparison of exosomal RNA concentration isolated from lyophilized saliva supernatant using five 
different methods. 

Extraction Method 

Concentration ng/µl 260/280 260/230 

Extraction Purification Extraction Purification Extraction Purification 

Trizol 424.02(±80.72) 197.56(±20.17) 1.65(±0.04) 1.79 (±0.04) 0.79(±0.07) 2.09(±0.08) 

mirCURY 54.67(±31.27) 234.33(±26.97) 1.00(±0.12) 1.85 (±0.08) 0.10(±0.01) 1.99 (±0.19) 

Modified mirCURY 38.85(±34.67) 209.81 (±16.82) 1.53(±0.23) 1.79 (±0.02) 0.30(±0.15) 2.09 (±0.13) 

Total RNA mirVana 133.25(±30.27) 224.16 (±16.82) 1.43(±0.19) 1.83 (±0.02) 0.23(±0.11) 2.11 (±0.06) 

Small RNA mirVana 153.20(±39.27) 162.47 (±22.57) 1.32(±0.93) 1.71 (±0.03) 0.32(±0.12) 1.88 (±0.15) 

N=3, four independent experiments for each group,  data presented by means followed by standard 
deviation (SD), ANOVA/Tukey test was used to compare means among groups. 
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Table 4 

Mean values of the C(q) for the five microRNA isolation methods. 
 

Method Sample C(q) Mean C(q) Mean 

 

Trizol 

1 36.16 34.53(±1.65) 

2 34.58  

3 32.86  

 

mirCURY 

1 37.14 37.02(±0.16) 

2 36.91  

3 00.00  

 

Modified mirCURY 

1 35.47 37.57(±3.18) 

2 00.00  

3 39.97  

 

Total RNA mirVana 

1 28.98 29.80(±0.95) 

2 29.59  

3 30.85  

 

Small RNA mirVana 

1 00.00 36.38(±0.16) 

2 36.50  

3 36.27  

 
N=3, TaqMan Assay was run in triplicate.  Data presented by means followed by standard deviation 
(SD), Kruskal Wallis test was used to compare means among groups, there was no statistical 
difference.
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4 - CONCLUSÕES 
 

 

 

A Liofilização mostrou-se um método capaz de isolar as vesículas 

extracelulares de amostras de saliva. Os 5 métodos analisados foram capazes de 

isolar RNA total de sobrenadante de saliva liofilizado com razão de pureza (260/280) 

superior a 1,71(±0.03). O método total RNA mirVana apresentou maior capacidade 

de isolar microRNA em relação aos demais métodos analisados. 
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ABSTRACT 

 

Aims: To evaluate the association between polymorphisms in the PAX7 gene 

and masticatory myalgias in patients with temporomandibular disorders. Methods: 

This is a case-control study. Subjects were evaluated for the presence of TMD using 

the Research Diagnostic Criteria for Temporomandibular Disorders (RDC/TMD) - Axis 

I, and the patients were divided into three groups: unaffected (absence of TMD 

diagnosis) (n=154); (b) with muscular TMD (n=122); and (c) without muscular TMD 

(n=49). Genomic DNA was obtained from saliva samples from all participants, and 

polymorphisms of a single nucleotide in the PAX7 gene (rs766325, rs6659735) were 

investigated. Statistical differences between groups were calculated using the chi-

square or Fisher's exact tests. Multiple comparisons were corrected using the 

Bonferroni correction. To calculate linkage disequilibrium and diplotypes, the 

ARLEQUIN software program was used. Values of p<0.05 were considered 

statistically significant. Results: The rs6659735 region in the PAX7 gene showed a 

significant association between the presence of the AA genotype and the presence of 

non-muscular TMD, when compared to the muscular TMD group (p = 0.03), but not 

when compared to the control group (p = 0.75). Gene diplotype analysis was done, 

but no significant associations were found. Conclusion: This study supports the 

hypothesis that alterations in the PAX7 genes influence the muscular 

physiopathology, since individuals with polymorphism in the rs6659735 region did not 

have muscular TMD. 

Key words: Chronic Pain, Temporomandibular Joint Dysfunction Syndrome, Myalgia, 

Polymorphism Genetic, Myoblasts. 

 

INTRODUCTION 

 

Temporomandibular disorders (TMD) are characterized, according to the 

American Academy of Orofacial Pain, as a group of disorders involving the 

masticatory muscles, the temporomandibular joint (TMJ), or associated structures.1 

Among TMD, the muscular disorders subgroup has been shown to be the most 

prevalent in the general population.2 Between 50% and 70% of all patients with TMD 

present masticatory muscle pain, and in 25% of these individuals this is the main 

complaint of pain.3,4 According to recently published clinical diagnostic criteria 

(Diagnostic Criteria for Temporomandibular Disorders - DC/TMD)5, masticatory 

muscle pain can be differentiated into two mutually exclusive subgroups: local 

myalgias (muscle pain exacerbated by mandibular function, parafunction, or 

movement), and myofascial pain (masticatory myalgia, but with trigger points that, 

once stimulated, direct pain beyond the palpated anatomical site).6 However, the 

pathogenesis involved in the differentiation of these pain processes is not yet fully 
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understood.7 In general, skeletal muscle pain, including masticatory pain, has a 

complex pathophysiology, involving peripheral and central phenomena that may, in 

addition to other forms, be induced by genetic alterations related to muscle formation 

and regeneration processes.4 

Adult skeletal muscle tissue has a high capacity for regeneration in response to 

acute injury or chronic diseases. Because the nuclei within skeletal muscle fibers are 

terminally differentiated and therefore unable to participate in muscle repair, these 

responses are largely attributed to a distinct and small population of myogenic 

progenitor cells that reside in adult skeletal muscle, called satellite cells (SC).8 This 

cell population is physically distinct from adult myofibers, residing between 

sarcolemma and basal lamina in a non-proliferative, quiescent state.9,10 Through 

stimuli capable of causing muscle injury, SC become active, proliferate extensively, 

and ultimately differentiate into myoblasts, fusing with existing fibers or each other to 

form new myofibers.8 

At the lesion site, many growth factors are expressed and various are able to 

activate satellite cells. Among these is the expression of the transcription factor PAX7 

(paired box 7)11, which plays a fundamental role in the formation of tissues and 

organs during embryogenesis, acting on the differentiation of muscle cells.12 Thus, 

quiescent satellite cells expressing PAX7 migrate to the lesion site. At this point, 

these cells become proliferative and express, in addition to PAX7, another type of 

myogenic regulatory factor, MyoD (myogenic differentiation). Subsequently, there is 

differentiation of these SC into myoblasts, marked by reduced PAX7 regulation and 

increased regulation of MyoD.10 Finally, the fusion of differentiated myoblasts occurs 

to create new myofibrils or to repair damaged ones. The maturation of these new or 

repaired myofibrils is characterized by an increase in size and movement of their 

nuclei to the periphery10 (Figure 1). Thus, muscle tissue growth in mammals in the 

postnatal period occurs predominantly by muscle fiber hypertrophy12, largely 

dependent on the action of muscle SC, and on the influence of the expression of the 

PAX7 gene and MyoD protein13 (Figure 1). 

Figure 1 - Schematic illustrating the muscle regeneration mechanism 

 

A recent study demonstrated that there is another population of progenitor cells 

that also are related to SC. These are the muscle-derived PW1+/PAX7- interstitial 

progenitor cells (PICs).14 PW1 (also known as paternally expressed gene 3, or peg3) 

is a nuclear protein expressed in PICs and quiescent SC, although it is not known 

whether activated satellite cells continue to express PW1. PICs and SC are 

distinguishable both by their localization and by molecular markers; satellite cells 

express PAX7 and are located under basal lamina9, while PICs do not express PAX7 

and are located in the interstitium.15 These PW1+/PAX7- interstitial progenitor cells 

(PICs) can generate both skeletal muscle cells and smooth muscle cells, as well as 
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generate satellite cells.14  

Investigations based on self-report or clinical bruxism diagnosis showed a 

positive association with TMD pain. Experimental sustained jaw clenching may 

provoke acute muscle tenderness.16 Excessive teeth clenching can act in inducing 

effusions in the extracellular matrix, resulting in an increased release of interstitial 

inflammatory mediators within the muscle.17 These neurological and inflammatory 

biomarkers can activate and sensitize primary afferent nociceptors, inducing muscular 

pain and allodynia18, and activating muscle SC.17 However, although this activation 

occurs directly, it is believed that a degeneration-regeneration process is necessary 

for terminal differentiation to be amplified. 

In studies of human voluntary muscle contraction17, no notable morphological 

changes were found within the myofiber in any time period analyzed, but changes 

were observed at the subcellular level, with a significant reduction in the number of 

intact Z-lines (which constitute the point where the actin filaments originate), spread 

intermittently throughout the fiber and not located in specific regions within the fiber. It 

is further emphasized that there was no loss of cell integrity, and inflammatory cell 

invasion was not evident. These data confirm previous results, demonstrating that, in 

general, an adaptive remodeling of myofiber proteins occurs after prolonged muscle 

overload, as opposed to provoking segmental damage in the structure.19 

Nevertheless, there are indications that the SC of the craniofacial muscles are 

different from those in skeletal muscle in other regions of the body.20 The craniofacial 

muscles have a higher proportion of SC compared to other skeletal muscles, which 

may increase their capacity for regeneration in response to damage.20 It has already 

been shown that the SC population is found decreased in the masseter muscle with 

reduced function. Although this phenomenon seems to demonstrate that SC adapt to 

functional demands, the exact mechanism as to how this occurs still needs to be 

clarified.21 Additionally, patients with unilateral posterior crossbite, who exhibit an 

altered chewing cycle, characterized by hyperactivity of the contralateral masseter 

muscle, have a higher number of MyoD and PAX7 positive cells on this side than on 

the ipsilateral22, demonstrating that the masticatory muscles can modify their 

physiology and morphology depending on the functional demands to which they are 

submitted. 

Furthermore, regarding these mechanisms, it is believed that the reduction in 

MyoD regulation and the maintenance of PAX7 expression may be involved in the 

self-renewal of SC.23 Thus, when the SC population is activated, a certain group will 

undergo terminal differentiation while a second group will return to maintain the pool 

of quiescent satellite cells, the latter regulated by PAX7 activity.17 These data served 

as the basis for formulating the hypothesis that polymorphisms in the PAX7 gene 

could alter the activity of this gene and compromise the regenerative role played by 

SC in the muscular environment. 
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So, it is believed that there is a genetic influence in the development and chronic 

persistence of muscle disorders, including masticatory disorders. However, the 

mechanisms actually involved are almost entirely explained by facilitation, peripheral 

and central, in the processing of pain. The presence of polymorphisms in genes 

associated with muscle tissue embryogenesis and with its tissue regeneration 

process has not yet been investigated with respect to the development of masticatory 

myalgias. Thus, the objective of the present study was to test for the first time the 

hypothesis that polymorphisms in the PAX7 gene are associated with the presence of 

masticatory myalgias in patients with TMD. 

 

MATERIAL AND METHODS 

 

This clinical study is descriptive and cross-sectional, and was evaluated and 

approved by the Research Ethics Committee of the Hospital Universitário Antônio 

Pedro/Fluminense Federal University, on 25th September, 2016, under the approval 

number 1.744.837. All subjects consented freely to participate in this project and 

informed consent forms were received and signed by the participants before the 

research was conducted. To develop its design, the recommendations of 

Strengthening the Reporting of Observational Studies in Epidemiology (STROBE)24 

were followed. 

The study included individuals treated at the University Hospital, Fluminense 

Federal University (who were accompanying or who were patients seeking care at the 

institution) between 18 and 65 years of age. All subjects seeking treatment over a 

period of six months has the opportunity to participate in our study. Exclusion criteria 

were: history of macro trauma and/or surgery in the TMJ region, diagnosis of 

rheumatoid arthritis, systemic lupus erythematosus, fibromyalgia, other types of 

systemic joint diseases, and/or previous treatment for TMD. The methodology of the 

study was divided into two stages: 

1st stage - Clinical diagnosis of TMD: 

All participants were clinically examined by the same evaluator (co-author 

L.L.B.), using the Research Diagnostic Criteria for Temporomandibular Disorders 

(RDC/TMD) - Axis I25, validated for the physical diagnosis of TMD, and enabling 

classification of participants in any of the following diagnostic subgroups: (0) absence 

of TMD; (1) myofascial pain; (2) changes in the position of the articular disc; and (3) 

painful and/or degenerative TMJ conditions. This process occurs in a non-mutually 

exclusive manner, allowing each participant to belong to more than one diagnostic 

sub-group. 

Participants were then grouped into three diagnostic groups: (a) unaffected 

(absence of TMD diagnosis); (b) with muscular TMD; (c) without muscular TMD. 
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2nd stage - Genotyping 

Genomic DNA was obtained from saliva samples from all participants, as 

previously described.26 The concentration and purity of the DNA were analyzed using 

the NanoDrop® spectrophotometer (Thermo Scientific, Wilmington, DE, USA). All 

samples had to present an A260 nm / A280 nm ratio greater than 1.9. 

Two polymorphisms of a single nucleotide in the PAX7 gene (rs766325, 

rs6659735) were selected, considering the linkage disequilibrium and gene structure 

relationships. These SNPs were previously identified and included in the database of 

the National Center for Biotechnology Information (http://www.ncbi.nlm.nih.gov/SNP/), 

with the lowest allele frequency having to be > 0.12. All procedures followed the 

recommendations of the STREGA27 (Figure 2). 

 

 Figure 2 - Allelic discrimination plot (SNP rs766325 of PAX7 gene). Red 

points correspond to homozygous to allele 1 (C/C); blue points correspond to 

homozygous to allele 2 (C/T), and green points correspond to heterozygous (T/T). 

Black squares correspond to no template control (NTC). 

  

 The methodology steps are summarized in Figure 3: 

        Figure 3 - Flow diagram describing the stages of the study 

 Data processing and statistical analysis were performed using STATA 

12.0 (Stata Corp., College Station, TX, USA). The sample size included the 

spontaneous demand of patients, over six months, respecting the inclusion criteria. 

Sample size calculation was aimed at detecting differences of genotype among the 

three study groups. Using data from a previous study under conditions of a 95% 

confidence interval and 90% power of test, the sample was calculated considering a 

40% prevalence of TMD.28 On considering a loss of 5%, the estimated number to give 

enough statistical power was 200 individuals. Since the main inclusion criterion of the 

sample was the presence of TMD regardless of type, we were able to obtain a 

sufficient number of individuals. However, when the sample was stratified into 

different TMD subgroups, the number of individuals in each group was below the size 

of the calculated sample, so that the differences between the groups were considered 

significant only after the statistical analysis using Fisher's exact test with an alpha of 

0.05.   

Differences between groups in the frequency of genotypes and alleles were 

analyzed using the chi-square test after assembly for the Hardy-Weinberg 

equilibrium. Statistical differences between groups were calculated using the chi-

square or Fisher's exact tests. Multiple comparisons were corrected using the 
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Bonferroni correction (http://www.quantitativeskills.com/sisa/calculations/Bonfer.htm). 

To calculate linkage disequilibrium and diplotypes, the ARLEQUIN software program 

was used (v.20; http://anthro.unige.ch/arlequin). Values of p<0.05 were considered 

statistically significant, and the risks associated with individual alleles and genotypes 

were calculated as odds ratio (OR) with a 95% confidence interval (CI). 

 

RESULTS 

Of the 337 volunteers evaluated over the six-month period, 325 were included 

in the study. A total of 154 (47.3%) had no type of disorder (control group), 122 

(37.5%) had muscular TMD, and 49 (15%) had non-muscular TMD. 

The group with muscular TMD consisted of 85 women and 37 men, and the 

group with non-muscular TMD consisted of 32 women and 17 men. While in the 

control group, 94 were women and 60 were men. The mean age found was 45.1 ± 

12.3 years. There was no significant difference between gender and the risk of 

developing muscular disorders (p = 0.17) or the other type (p = 0.71). 

Genetic association analysis 

The characteristics of the two polymorphisms studied in the PAX7 gene are 

presented in Table 1. 

 
 

Table 1 - Characteristics of the PAX7 gene polymorphisms studied 
 
 

 

 

The integrity rate of the genomic DNA was 92.3%, with high correspondence 

between replicate samples, indicating a high level of confidence in accurate and 

unbiased genotyping. The frequencies of the genotypes and alleles are shown in 

Table 2. 

 

 

 

Table 2 - Distribution of the genotypes and alleles of the PAX7 gene. 
 

 

 

The rs6659735 region in the PAX7 gene showed a significant association 

between the presence of the AA genotype and the presence of non-muscular TMD, 

when compared to the muscular TMD group (p = 0.03), but not when compared to the 

control group (p = 0.75). 

Gene diplotype analysis was done, but no significant associations were found. 
 

Table 3 - Analysis of diplotypes 
 

http://www.quantitativeskills.com/sisa/calculations/bonfer.htm
http://anthro.unige.ch/arlequin
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DISCUSSION 

 

The efficient in vitro generation of functional muscle cells from pluripotent cells, 

until now has only been possible through the introduction of exogenous DNA capable 

of inducing the expression of specific transcription factors, such as MyoD and/or 

PAX7.29 The migration of these cells after injury depends, among other factors, on the 

specific characteristics of the damage induced. Thus, cells residing in the skeletal 

musculature and that express PAX7 may act differently depending on the 

experimental conditions to which they were subjected.30 Unraveling these diverse 

functions presents a challenge and has important implications for the study of repair, 

regeneration, and treatment of muscular disorders31, such as muscular TMD. 

This clinical study analyzed, in a pioneering manner, the possible association 

between polymorphisms in the gene related to the expression of the PAX7 

transcription factor and the presence of muscular TMD. Consistent with our 

hypothesis, our results showed that, among individuals with TMD, those with 

polymorphisms in the PAX7 gene were less likely to have muscular TMD. 

The first region evaluated was rs766325. This same region was associated 

with craniofacial skeletal variations in patients with malocclusions.32 In the literature, 

polymorphisms in this region were presented in two studies33,34, which investigated 

their relationship with palate and lip clefts. This is an upstream region, characterized 

by prior presence at the site of transcription start, thus not influencing the formation of 

the final protein, which possibly explains why no significant associations were found 

in this study. While the rs6659735 region demonstrated a significant association 

between the presence of the AA genotype and the presence of non-muscular TMD, 

when compared to the group with muscular TMD and the pain-free control group. 

The satellite cells reside within the musculature in the G0 phase of the cell 

cycle, and are ready to be activated rapidly in response to injury9,35. Upon their 

activation, satellite cells re-enter the cell cycle, migrate away from their niche and 

proliferate as myoblasts, eventually going through terminal differentiation into 

myocytes that merge into preexisting damaged muscle fibers or fuse with one another 

to generate new muscle fibers.23 During tissue regeneration, a portion of the satellite 

cells return to their niche, re-enter quiescence, and express PAX7.36 This mechanism 

is known as cell self-renewal. Increased self-renewal of satellite cells may be 

responsible for increasing individual susceptibility to the development of muscular 

disorders37, with the presence of polymorphic alterations and epigenetic factors being 

primarily responsible for this alteration.38 

Although there are no other studies for comparison with these results, it is 

speculated that the presence of polymorphisms in the PAX7 gene may decrease its 
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expression. As a result of this low regulation, the satellite cells would travel the path 

of proliferation and differentiation into myoblasts, promoting muscle regeneration, and 

would thus make these individuals hypothetically protected against the development 

of muscular TMD. Consistent with this statement, individuals in the control group and 

those with muscular TMD presented a lower frequency of polymorphisms in this 

region, and there was no statistically significant difference between the two groups. 

 Epigenetic modifications are fundamental in regulating the function of 

satellite cells.39,40 The delimitation of mesenchymal cells into a myogenic, adipogenic, 

osteogenic, or chondrogenic strain is due, in part, to stable modifications in the 

methylation pattern of DNA that prevents the transcription of genes of other strains.41 

In this way, the expression of various genes can be modulated by the action of growth 

factors, inflammatory signals, inhibitors of gene expression, or mechanical stimuli. 

Chao et al. (2016) observed, through the PCR technique, that DNA methylation states 

in the region of the PAX7 gene served as an important regulator of the transcription of 

this gene, demonstrating an inverse relationship between low methylation and high 

expression.32,38 

Similarly42, methylation of the entire genome was decreased in skeletal muscle 

biopsies obtained from healthy sedentary men and women after doing intense 

exercise. By observing the process of self-renewal of satellite cells, we can infer that 

low methylation, such as occurs in muscles with intense activity, can lead to 

increased expression of the PAX7 gene, facilitating the process of cellular self-

renewal. However, at a later stage, this high genetic expression would make the 

satellite cells not follow their cell cycle and differentiate into myoblasts, thus 

preventing their direct participation in the process of muscle regeneration.10 In chronic 

myalgias, various inflammatory molecules are released into the damaged tissue, such 

as bradykinin, serotonin, protons, and prostaglandins.43 These inflammatory 

mediators may act to induce effusions in the extracellular matrix, resulting in an 

increase in the release of interstitial mediators within the muscle.17 These 

mechanisms are able to epigenetically modulate muscle SC, increasing the 

expression of PAX7 and hindering muscle regeneration.17 

Similarly, it is believed that the presence of genetic polymorphisms can act in 

altering the expression of the PAX7 gene, compromising the process of muscle 

regeneration. To date, 75 polymorphisms (SNPs) have been identified within the 

PAX7 intragenic region.44 However, there are no studies relating polymorphisms in 

the PAX7 gene and muscular TMD. However, the fact that there are no hypotheses or 

specific analyses of the gene in question, in TMD patients, does not imply the 

inexistence of an association, and further emphasizes the importance of this data 

collection and analysis. 

 

 



 47 

CONCLUSION 

Polymorphism in the rs6659735 region of the PAX7 gene is associated with 

the presence of non-muscular TMD. 
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Figure 1 - Schematic illustrating the muscle regeneration mechanism 

 

 
 

 

 

 Figure 2 - Allelic discrimination plot (SNP rs766325 of PAX7 gene). Red 

points correspond to homozygous to allele 1 (C/C); blue points correspond to 

homozygous to allele 2 (C/T), and green points correspond to heterozygous (T/T). 

Black squares correspond to no template control (NTC). 
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Figure 3 - Flow diagram describing the stages of the study 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 1 - Characteristics of the PAX7 gene polymorphisms studied. 

Gene 

symbol 
 

Gene name SNP  Chromosome Base pair 

position* SNP type 

Base changea 

MAFb 
Major Minor 

PAX7 paired box 7 

rs766325  

1 

18629964 Upstream  A G 0.48 

rs6659735 18657203 Intragenic A G 0.26 

 
 

SNP, single nucleotide polymorphism. /  
a
 Base change according to Applied Biosystems. / b MAF: minor allele frequency 

according to GenBank. 
 

 

 

 

 

 

 

Inclusion criteria: 

Volunteers of both sexes, between 18 and 65 years of age. 

 (n=337) 

Stage 1: Clinical diagnosis of TMD: 

RDC / TMD - Axis I was applied and  four groups were formed:  

• control (no TMD diagnosed) (n=154);  

• muscle disorders (n=122); 

• without Muscular TMD (n=49);  

Stage 2: Genotyping 

Genomic DNA was obtained from saliva samples from all participants.  

All samples had to present an A260 nm / A280 nm ratio greater than 1.9. 

Exclusion criteria: 

No history of macro trauma of the TMJs, joint surgery, diagnosis of rheumatoid arthritis, 

systemic lupus erythematosus, fibromyalgia, other types of systemic joint diseases and / or 

previous treatment for TMD. 

 (n=325) 

PAX7 (paired box 7) 

rs766325 (A > G) 

rs6659735 (A > G) 
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Table 2 - Distribution of the genotypes and alleles of the PAX7 gene. 
 

Gene SNP Genotypes Control 
N=154 

With 
Muscular 

TMD 
N=122 

Without 
Muscular 

TMD 
N=49 

p-value* (OR;CI) 

Control x 
With Muscular TMD 

With Muscular TMD x 
Without Muscular TMD 

PAX7 

rs766325 AA-AG-GG 40-53-52 32-34-42 16-14-17 0.7 0.86 

 AG+GG 105 76 31 0.82 (0.9 (0.5-1.5) 0.71 (0.8 (0.3-1.6) 

 A 133 98 46 0.49 (0.9 (0.6-1.3) 0.64 (1.1 (0.7-1.8) 

 G 157 118 48   

rs6659735 AA-AG-GG 73-58-11 64-42-8 32-14-0 0.75 0.03 

 AG+GG 69 50 14 0.53 (0.82 (0.5-1.3) 0.16 (0.5 (0.2-1.1) 

 A 204 170 78 0.55 (1.1 (0.7-1.7) 0.06 (1.9 (1-3.6) 

 G 80 58 14 

 

 

The rs6659735 region in the PAX7 gene showed a significant association 
between the presence of the AA genotype and the presence of non-muscular TMD, 
when compared to the muscular TMD group (p = 0.03), but not when compared to the 
control group (p = 0.75). 

Gene diplotype analysis was done, but no significant associations were found. 
 

Table 3 - Analysis of diplotypes 

Gene Diplotype 

Frequency p-value 

Control 
N=154 

With Muscular TMD 
N=122 

Without 
Muscular TMD 

N=49 

Control x 
With Muscular 

TMD 

With Muscular 
TMD x 

Without 
Muscular TMD 

PAX7– Ch1 

(rs766325; 

rs6659735) 

AA 0.43 0.43 0.47 --- --- 

GA 0.27 0.31 0.36 0.53 0.5 

GG 0.26 0.23 0.14 0.58 0.08 

AG 0.02 0.01 0.01 0.76 0.75 
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ABSTRACT 

Objective: To evaluate the association between polymorphisms in genes and comorbid presence of 

arthralgias and TMD. Methods: This is a case-control study. Subjects were evaluated for the presence 

of TMD and asked about the presence of chronic arthralgia. The groups formed were: individuals with 

chronic arthralgia and: 1) myofascial pain (n = 42), 2) joint (n = 16) and 3) multiple diagnoses (n = 69);  

and 4) with TMD (any of the types) and without some other arthralgia (n=16); 5) without TMD but who 

had pain in other joints (n=82) and 6) control group (n=72). A SNP in COMT, ADRB2, and HTR1A 

genes were investigated. Results: Significant association was observed for the COMT and ADRB2 

genes between the group with myofascial pain and control. The CT genotype for the COMT 

(rs9332377) gene was associated with the absence of myofascial pain (p = 0.05). In contrast, the GG 

genotype (p = 0.06) in the COMT (rs6269) gene showed a tendency of association with the presence 

of myofascial pain. In the ADRB2 (rs1042713) gene, the AA genotype was associated with the 

absence of myofascial pain (p = 0.03). Conclusion: This study supports the hypothesis that alterations 

in the COMT, ADRB2 and HTR1A genes influence the presence of chronic pain and TMD. 

Key words: Temporomandibular Joint Dysfunction Syndrome, Arthralgia, Polymorphism Genetic, 

Chronic Pain, Osteoarthritis. 
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INTRODUCTION 

Temporomandibular disorders (TMD) are characterized according to the American Academy of 

Orofacial Pain as a group of disorders involving the masticatory muscles, the temporomandibular joint 

(TMJ) and associated structures (Leeuw, 2010). Around 10% of these disorders evolve unsatisfactorily, 

with a poor prognosis, associated with chronicity and spread of pain to surrounding areas (Velly et al, 

2011). However, the mechanisms involved in the pathophysiology of chronic pain arising from TMD are 

poorly understood, making difficult the obtaining of accurate diagnosis and appropriate treatment 

protocols (Arendt-Nielsen et al, 2015; Eng et al, 2014; Yamaguchi et al, 2014). Current evidence 

suggests that around 50% of the risk of development of chronic pain states are influenced by genetic 

and epigenetic alterations in the pain inhibitory systems and in the sensitizing processes of the 

peripheral and central  nervous systems (Fillingim et al, 2008;  Diatchenko et al, 2013). 

Peripheral sensitization is characterized by intense production of endogenous factors, including 

peptide neurotransmitters and inflammatory cytokines, able to sensitize the primary afferent neurons 

(Fornasari, 2012). In addition to the sensitization of the peripheral endings, an increased release of 

these peptide neurotransmitters from central projections in the spinal cord and brainstem has 

demonstrated the capability to sensitize secondary neurons, nociceptive specific or of wide dynamic 

range, to excitatory neurotransmitters, which increases the signaling of noxious stimuli in the brain 

stem and brain, and can amplify their defensive response (Hermann et al, 2005). 

However, the brain does not passively receive the nociceptive message (Heinricher et al, 2009). 

The descending modulatory system of pain operates modulating sensory nociceptive input from 

primary afferent fibers and projection neurons in the dorsal horn of the spinal cord and its counterpart 

in the brainstem. The downward path is controlled by two systems that modulate the nociceptive 

transmission: the serotonergic system and the catecholaminergic system. Both inhibit the release of 

excitatory neurotransmitters, leading to a general reduction in pain sensitivity (Lee et al, 2011). 

Among the genes related to the nociceptive process is the gene encoding the catechol-O-

methyltransferase enzyme (COMT). COMT is responsible for metabolizing catecholamines. Different 

single nucleotide polymorphisms (SNPs) induce significant functional changes in this enzyme (9). The 

catecholamines, in turn, bind to two different classes of receptors termed α and β adrenergic. It is 

known that the increase in sensitivity to pain dependent on COMT may be associated with the action of 

β-adrenergic agonists (Diatchenko et al, 2006), given the positive associations between SNPs in the 

COMT and ADRB2 genes and chronic conditions of musculoskeletal pain (Hocking et al, 2010). The 

ADRB2 receptor is a ligand coupled to G-protein and expressed in peripheral sites of the spinal cord 

involved in pain transmission. The stimulation of this receptor sensitizes nociceptors, producing 

allodynia through the activation of intracellular kinases. Their stimulation facilitates the transmission of 

pain through the release of pro-inflammatory molecules (Hartung et al, 2014). 
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The serotonergic system is also highly involved in the regulation of affective, homeostatic, and 

pain mechanisms (Mutlu et al, 2004). The peripheral action of serotonin is different from its central 

action (Dray, 1995). In the periphery, serotonin exerts a pro-nociceptive effect (Viguier et al, 2013) and 

is considered an inflammatory mediator, released from platelets and mast cells after tissue injury, and 

exerting direct action on C fibers. At the central level, this substance is located in the superficial layers 

of the dorsal horn and has an anti-nociceptive effect (Viguier et al, 2013). This multiplicity of neuronal 

effects occurs due to interaction with different subtypes of serotonin receptors, and alterations in these 

receptors can contribute to the individual experience of pain (Smith et al, 2013).  

The 5-HTR1A is a postsynaptic autoreceptor that inhibits the synthesis and release of serotonin. 

A common single nucleotide polymorphism (SNP) rs6295 (−1019C/G, in promoter region) of 5-HTR1A 

gene is related to the increased level of 5-HTR1A expression in animal models and humans. This 

polymorphism has also been associated with increased susceptibility to depression, suicide, anxiety 

and apain related disorders (Horjales-Araujo et al, 2013). 

It is believed that the association between TMD and the presence of other chronic pain conditions, 

represented here by the combined presence of other arthralgia, is not random. There is a genetic and clinical basis 

for the comorbid development of both disorders. The presence of polymorphisms in genes associated with 

specific pathways may be related to the development of various instances of joint pain. Thus, the aim of the 

present study was to determine the association between polymorphisms in the COMT, ADRB2, and HTR1A 

genes, and the combined presence of chronic joint pain in the TMJ and other joints in the body. 

 

MATERIALS AND METHODS 

This descriptive, cross-sectional, case-control study, was conducted in accordance with the 

recommendations of University Salty Olive – Universe (Niterói, Rio de Janeiro, Brazil), approved on 

May 30, 2013, under opinion number 286.354; informed consent was obtained from each subject. Free 

and informed consent was obtained from participants in writing prior to conducting the research. The 

recommendations from Strengthening the Reporting of Observational Studies in Epidemiology 

(STROBE) (Von Elm et al, 2007) were followed for the study's design and development. 

The study included individuals attended at the Fluminense Federal University (Niterói, Rio de 

Janeiro, Brazil), who were companions or patients seeking institution care. Volunteers of both sexes, 

were selected (over a period of two years), between 18 and 65 years of age, with no history of macro 

trauma of the TMJs and/\or the joints of the knee, hip, ankle, shoulder, wrist, and elbow. Exclusion 

criteria were: joint surgery, diagnosis of rheumatoid arthritis, systemic lupus erythematosus, 

fibromyalgia, other types of systemic joint diseases and / or previous treatment for TMD, because 

these changes could influence the results. The study methodology was divided into three stages (flow 

diagram – Figure 1): 

 



 58 

Stage 1 - Clinical diagnosis of TMD: 

All participants were examined clinically by the same evaluator, using the Research Diagnostic 

Criteria for Temporomandibular Disorders (RDC/TMD) - Axis I (Dworkin and LeReshe, 1992), as 

previously described (Bonato et al, 2017a; Bonato et al, 2017b). This is a tool validated for the physical 

diagnosis of TMD, that allows for classification of participants into some of the following diagnostic 

subgroups: (0) no TMD; (I) myofascial pain; (II) joint disc position changes; and (III) painful and/or 

degenerative TMJ conditions. This process occurs in a non-mutually exclusive manner allowing each 

participant to belong to more than one diagnosis subgroup at the same time. 

The joint diagnoses (subgroups II and III) were combined to form a single group so called "joint 

disorders." Thus, in the end, four groups were formed: (a) control (no TMD diagnosed); (b) exclusively 

myofascial pain; (c) exclusively joint disorders; and (d) combined myofascial pain and joint disorders.  

Stage 2 - Assessment of the presence and duration of other arthralgia: 

In this stage, each participant answered a questionnaire, considering: the presence of pain in 

the knee, hip, ankle, shoulder, wrist, and elbow joints; and pain duration (days, months, or years). The 

questionnaire was administered exclusively by a second examiner, who had no prior knowledge of the 

presence or absence of TMD in the participants being assessed. Arthralgia presence for more than 

three months was considered chronic (International Association for the Study of Pain, 1994). 

According to the diagnosis of TMD and other assessed arthralgia, the study volunteers were 

divided into six groups: 1) individuals with myofascial pain and chronic pain in another joint in the body; 

2) individuals with temporomandibular joint disorders and chronic pain in another joint in the body; 3) 

Individuals with both myofascial pain and temporomandibular joint disorders and also had chronic pain 

in another joint in the body;  4) Individuals with any TMD subgroup and without any other chronic 

arthralgia; 5) participants without TMD but who have chronic pain in another joint than TMJ; and, 6) 

Individuals without TMD and who did not have any type of chronic joint pain (control group). 

Stage 3 - Genotyping 

Genomic DNA was obtained from saliva samples from all participants, as previously described 

(Kuchler et al, 2012). The concentration and purity of DNA were analyzed using the NanoDrop® 

spectrophotometer (Thermo Scientific, Wilmington, DE, USA). All samples had to present an A260 nm 

/ A280 nm ratio greater than 1.9 (Kuchler et al, 2012). 

Three single nucleotide polymorphisms in the COMT (rs165774, rs6269, rs9332377) and 

ADRB2 (rs2053044, rs1042713, rs1042714) genes and two from the HTR1A SNPs (rs1364043, 

rs13361335) gene were selected, considering the linkage disequilibrium relationships and gene 

structure. These SNPs were previously identified and included in the National Center for Biotechnology 

Information (NCBI) database (http://www.ncbi.nlm.nih.gov/SNP/) with the lowest allelic frequency 
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>0.12, and Genbank under accession numbers CR456422, KR711410.1 and NM_000524.3 

respectively. 

Data processing and statistical analysis were performed using STATA 12.0 (Stata Corp., College 

Station, TX, USA). The sample size included the spontaneous demand of patients, over 2 years, 

respecting the inclusion criteria. Sample size calculation was aimed at detecting differences of 

genotype among the six study groups. Using data from a previous study (Blaya et al, 2010) under 

conditions of a 95% confidence interval and 90% power of test, the sample was calculated considering 

the comorbid prevalence between TMD and other systemic joint pains of 62.4% (Plesh et al., 2011). 

When considering the loss of 5%, the estimated number was 200 individuals. Since the main inclusion 

criterion of the sample was the presence of TMD regardless of type, we were able to obtain a sufficient 

number of individuals. However, when the sample was extratified in different subgroups of TMD, the 

number of individuals in each group was below the size of the calculated sample, so that the 

differences between the groups were considered only significant after the statistical analysis performed 

by the Exact Test of Fisher.   

One-way analysis of variance (ANOVA) was used to compare the frequencies of the alleles in 

each group. To evaluate the significance of nominal variables between groups, the Fisher’s Exact Test 

was used. To evaluate the correlation between age and number of joints with pain, Spearman's 

correlation coefficient was used.  

Differences in the frequency of genotypes and alleles between groups were analyzed using the 

chi-square test, after fitting for Hardy-Weinberg equilibrium. Values of p<0.05 were considered 

statistically significant, and the risks associated with individual alleles and genotypes, calculated as the 

odds ratio (OR), with a 95% confidence interval (CI). Multivariate logistic regression analysis was 

performed to permit the exploration of many covariates simultaneously. Multiple comparisons were 

corrected by Bonferroni correction 

(http://www.quantitativeskills.com/sisa/calculations/bonfer.htm).To calculate linkage 

disequilibrium and haplotypes, the ARLEQUIN computer program was used (v.20; 

http://anthro.unige.ch/arlequin). 

 

Figure 1 - Stages of methodology described in flow diagram 

 

RESULTS 

Clinical findings: prevalence of TMD and other chronic arthralgia 

From a total of 337 volunteers evaluated, 297 were included in the study (Table 1). Additional 

details regarding the demographics of the subjects are shown in Table 1.  

http://www.quantitativeskills.com/sisa/calculations/bonfer.htm
http://anthro.unige.ch/arlequin
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Table 1 - Clinical parameters of the study population 

There was no statistically significant difference between the groups considering the age distribution. 

Through the Spearman's correlation coefficient test, it was observed that the variables, number of joints with 

pain, and age, do not depend linearly on each other (r = 0.26; p>0.05). 

Genetic association analysis 

The characteristics of the eight polymorphisms studied in the COMT, ADRB2, and HTR1A genes are 

shown in Table 2. The frequencies of the genotypes and alleles were adjusted for age, and are provided in 

Table 3. 

Significant differences were observed in the frequency of polymorphisms of COMT and ADRB2 

genes between the groups with individuals with myofascial pain and chronic pain in another joint in the body 

and the control group.  It was also possible to observe a significant difference in the frequency of ADRB2 and 

HTR1A genes polymorphisms when individuals with any TMD subgroup and without other chronic arthralgias 

where compared with participants without TMD but who have chronic pain in another joint than TMJ. 

It was possible to demonstrate that the CT genotype for the COMT (rs9332377) gene was statistically 

associated with the absence of myofascial pain (p = 0.05). In contrast, the GG genotype for the COMT 

(rs6269) gene showed a tendency of association with myofascial pain presence (p = 0.06). 

With respect to the ADRB2 (rs1042713) gene, the AA genotype was statistically associated with the 

absence of myofascial pain (p = 0.03) (Table 3). Also related to this specific gene, in the region rs1042714, 

the genotype CG (p= 0.005) and the polymorphic genotype CG + GG (p=0.005) were highly statistically 

associated with individuals with TMD and without any other arthralgia.   

At least, in the HTR1A (rs1364043), the genotype GT (p= 0.03) and the genotypes GT + TT (p= 0.04) 

was statistically associated with individuals with TMD and without some other arthralgias. 

It is noted that not all allelic and genotypic frequencies of the SNPs were within Hardy-Weinberg 

equilibrium. However, the data were considered since the evaluated genes have no description, until now, in 

the Brazilian population. 

To assess factors concurrently, a multivariate logistic regression of individual parameters was 

performed. The initial univariate analysis demonstrated the CT genotype (COMT)  rs9332377 (p = 0.031), 
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and rs1042713 genotypes (ADRB2) (p = 0.027) to be potential predictive factors for myofascial pain presence 

in individuals with other chronic arthralgias. 

 

 

Table 2 - Characteristics of the polymorphisms studied in the COMT, ADRB2, and HTR1A genes  

Table 3 - Distribution of genotypes and alleles of the COMT, ADRB2, and HTR1A genes, adjusted for age 

 

Analysis of haplotypes in the COMT, ADRB2, HTR1A genes 

Considering that the alterations in the aforementioned genes may be related to the presence of 

chronic joint pain in individuals with TMD, the haplotype analysis was performed comparing the groups that 

had joint pain (TMD and other arthralgias) with the control group, and adjusted for age (Table 4). 

Regarding the COMT gene, there was a tendency of association, but not statisticaly significant, of the 

GGC haplotype (p = 0.06) with the absence of muscle and joint disease. The AGT haplotype was more 

prevalent in individuals of control group than in the group without TMD but with other arthralgias (p=0.01). 

The TT haplotype in the HTR1A gene was more prevalent in the group with TMD and without any 

other arthralgia than in control group (p=0.02). 

 

Table 4 - Analysis of haplotypes 

DISCUSSION  

The development of chronic pain in patients with TMD, as well as its frequent comorbidity with other 

musculoskeletal pain conditions, suggest the influence of genetic alterations on the nociceptive process. This 

study analyzed, for the first time, the possible association between the COMT, ADRB2 and HTR1A genes 

and the presence of other chronic joint pain in individuals with TMD. Consistent with our hypothesis, our 

results clearly showed that polymorphisms in the COMT, ADRB2 and HTR1A genes are associated with the 

presence of chronic joint pain and TMD. This strong genetic influence involved in the pathophysiology of 
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TMD was also confirmed by our group in a previous study with individuals who reported pain only in the 

shoulder joint (Bonato et al, 2016).  

Genetic alterations can influence the states of chronic pain (Diatchenko et al, 2013). However, most 

studies disregard the existence of comorbid pain when evaluating individuals with TMD, much less relate 

genotype with the origin of the disorder presented (Smith et al, 2011). In our study, the volunteers were 

classified according to the type of TMD presented (Dworkin and LeReshe, 1992). They were also asked 

about the presence of other systemic joint pain, considering a practical and already established method in 

the literature for population studies (Skouen et al, 2012). It should also be considered that since various 

joints were being evaluated for the presence of pain, and that the development of osteoarthrosis and 

consequent arthralgia in these sites may be related to aging and overloading (Wang et al, 2015), all the 

genetic results were adjusted for age, in an attempt to isolate this factor. 

A significant association with COMT and ADRB2 genes was observed in the groups with myofascial 

pain (Smith et al, 2013). This finding corroborates previous studies evaluating different TMD subgroups,  

where it was observed that the muscular pattern of these disorders is often associated with sensitizing of the 

central nervous system and hyperalgesia (Younger et al, 2010). 

Several polymorphisms may lead to alteration of the COMT gene, with changes in the rs4680 region 

being the best-studied. This polymorphism occurs at codon 158, resulting in a valine to methionine 

transition, and production of a defective enzyme (Mannisto and Kaakkola, 1999). However, when individuals 

with high sensitivity to pain are analyzed, it was seen that the genotype they present is the same as those 

with low sensitivity, both presenting the G allele, which encodes for the more stable Val variant. Thus, the 

Val158Met SNP alone cannot explain the observed variations in the perception of pain. Therefore, in this 

study we chose to investigate in the COMT gene intronic regions associated with the production of 

microRNAs, characterized by small RNAs responsible for the regulation of gene expression and protein 

production at different levels, being highly influenced by polymorphic alterations (Kostopoulou et al, 2015). 

In the study by Diatchenko et al. (2006), individuals with medium and high sensitivity presented a 

high prevalence of the A allele for rs6269 in the COMT gene. Thus, it is believed that changes in pain 

sensitivity pattern occur due to the interaction of several SNPs related to the COMT gene, affecting the 

stability of the protein produced, or influencing its translation process (Diatchenko et al, 2006). In the present 

study, three regions of the COMT gene were analyzed, with significant results observed. There was a 

tendency of association between the presence of the polymorphic GG genotype, in the COMT (rs6269) gene, 

in patients with myofascial pain associated with other chronic joint pain. The rs9332377 region in 
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heterozygosity showed significant association with protection against the absence of myofascial pain 

associated with other arthralgia. Interestingly, the rs9332377 region of the COMT gene was recently studied, 

being associated with the risk of developing generalized chronic pain in Australian adolescents (Skouen et al, 

2012). According to the author, modifications in the gene can alter the regulation of adrenergic receptors, 

resulting in increased sensitivity to pain. Although speculative, for patients with chronic musculoskeletal pain, 

this disposition can be located in the muscles (Skouen et al, 2012), corresponding with our findings, from 

which we can suggest that heterozygosity favors a pattern of protection associated with the production of the 

COMT enzyme. Confirming this statement, an important finding of the present study was that AGT haplotype 

(COMT) is more prevalent in individuals in the control group than in the group TMD and other chronic 

arthralgias, emphasizing the influence of this gene in the process of generalized pain sensitivity, not only in 

TMD. 

Alterations in the ADRB2 gene influence the pain sensitivity of individuals, being related with 

symptoms of somatization, depression and anxiety, and low blood pressure, which are phenotypic 

characteristics commonly found in individuals with generalized chronic pain and TMD (Diatchenko et al, 

2006). One of the most explored alterations in the ADRB2 gene occurs in the rs1042713 region, in codon 16, 

and alters the sequenced amino acid (Arg16Gly), its responsiveness to the stimulation’s agonist (Small et al, 

2003), and the increase in messenger RNA transcription (Hocking et al, 2010). Polymorphisms in this region 

were associated with regulation of the state of chronic pain in a British cohort (Hocking et al, 2010), and the 

increased risk, by a factor of about ten, of developing TMD (Diatchenko et al, 2006). In our study, conducted 

in the Brazilian population, we observed that the AA (rs1042713) genotype was associated with the absence 

of muscle disorder associated with chronic joint pain, which confirms the lack of association of the 

polymorphic genotype for this SNP with the control group. Also regarded to this gene, in another region 

(rs1042714), the genotype CG and the polymorphic genotype CG + GG were highly associated with 

individuals with TMD and without other chronic arthralgia. These findings are in agreement with previous 

investigations in which the ADRB2 polymorphism (rs1042714) was associated with psychological traits, and 

predictive of those developing temporomandibular disorder (Diatchenko, 2006). 

With regard to serotonin, it is highly involved in pain regulation, given that the serotonin-1A receptor 

(HTR1A) is the main somatodendritic receptor that synthesizes serotonin in the raphe nucleus, and that in 

the pre-synaptic region it acts as an autoreceptor. The activation of these autoreceptors reduces the 

production of serotonin that is projected into the spinal cord and the brain, making this receptor one of the 

most important structures involved in central serotonergic regulation (Lindstedt et al, 2012).  
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The G/C polymorphism in the HTR1A (rs6265) gene was associated in previous studies with 

depression, suicide, antidepressant responsiveness (Donaldson et al, 2016), and changes in sensitivity to 

heat (Lindstedt et al, 2012). In our study, we evaluated the rs1364043 and rs13361335 regions of the 

HTR1A gene. These regions have been little explored to date, and there are no studies that relate 

polymorphisms in this region with musculo-skeletal pain. Therefore, it must be considered that it is the first 

attempt to assess the gene in individuals with TMD, requiring further research and exploration of other 

regions of the gene. In our study, in the HTR1A (rs1364043) gene, the genotype GT and the TT haplotype 

were associated with individuals with TMD and without any other chronic arthralgia. 

It is important to notice this study limitations: 1) The lack of image exams, considered the gold 

standard for the diagnosis of changes in the disk position and degenerative changes, may have provided 

false negative results; 2) The absence of pain intensity and somatossensory analysis, variables that may also 

influence the presence of comorbid pain; 3) The chronic arthralgia diagnosis which was based just in self-

reported not including a medical examination or specific diagnosis; and 4) Additionally, other types of genetic 

studies should be carried out, considering the analysis of specific miRNA, and also the dosage of gene 

expression and tissue proteins in patients undergoing surgery in the TMJ, aiming to elucidate the 

pathophysiological mechanism of TMD. However, despite its limitations, this work is relevant for pioneering in 

the study of the genetic basis of individuals with TMD and chronic joint pain. 

 

CONCLUSION 

In individuals with TMD and other chronic arthralgias, polymorphisms in the COMT gene were related to the 

absence (ou presença?) of myofascial pain associated with other chronic arthralgia. Alterations (não há uma 

definição melhor para este termo?) in the ADRB2 gene were associated with the absence of myofascial pain. 

It was possible to observe an association of polymorphisms in ADRB2 gene and in the HTR1A gene in 

the group of individuals with TMD and without any other arthralgia. Finally, haplotypes in COMT gene 

demonstrated a pour prevalence in the group without TMD and with other chronic arthralgia. 
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Figure 1 - Stages of methodology described in flow diagram 

Inclusion criteria: 

Volunteers of both sexes, between 18 and 65 years of age. 

 (n=337) 

Stage 1: Clinical diagnosis of TMD: 

RDC / TMD - Axis I was applied and six groups were formed:  

 (1) control (no TMD diagnosed);  
(2) myofascial pain; 
(3) joint disorders;  
(4) myofascial pain and joint disorders; 
(5) any TMD subgroup and without any other chronic 

arthralgia; 
(6) without TMD but who have chronic pain in another 

joint than TMJ; 

Stage 3: Genotyping 

Stage 2: Assessment of the presence and duration of other 

arthralgia: 

Each participant answered a questionnaire, considering: the presence of 

pain in the knee, hip, ankle, shoulder, wrist, and elbow joints; and pain 

duration (days, months, or years). 

  

  

COMT (catechol-O- methyltransferase) 

• rs165774 (A >G) 

• rs6269 (A > G) 

• rs9332377 (C > T) 

ADRB2 (Adrenoceptor beta 2)  

• rs2053044 (A > G) 

• rs1042713 (A > G) 

• rs1042714 (A > G) 

HTR1A (5-hydroxytryptamine 

(serotonin receptor 1A) 

• rs1364043 (G > T) 

• rs13361335 (G > T) 

Exclusion criteria: 

No history of macro trauma of the TMJs and/\or the joints of the knee, hip, ankle, shoulder, wrist, and elbow; joint surgery, diagnosis of rheumatoid arthritis, 

systemic lupus erythematosus, fibromyalgia, other types of systemic joint diseases and / or previous treatment for TMD. 

 (n=297) 
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T

Table 1 - Clinical parameters of the study population 

 

 

 

 

T

 

Control 
N=72 

Myofascial 
pain 
N=42 

Joint 
N=16 

Multiple 
diagnoses 

N= 69 
 

With TMD 
and without 
some other 
arthralgia 

N=16 

Without TDM  
and with  other 

arthralgia 
N=82 

 

p-value* 

Control x 
Myofascial pain 

Control x 
Joint 

Control x 
Multiple 

diagnoses 

Control x 
With TMD and 
without some 

other 
arthralgia 

Control x 
Without TDM 

and with  
other 

arthralgia 
 

GENDER (n%)      

 

0.38 (1.5 :0.6-
3.3) 

0.8 (1.0 :0.3-
3.2) 

0.001 (3.6 :1.7-
7.8) 

 
 
 

0.8 (1.0 :0.3-
3.2) 

 
 
 

0.6 (1.1 :0.6-
2.2) Female 39 (54.2) 27 (64.2) 9 (56.3) 56 (81.1) 9 (56.3) 48 (58.5) 

Male 33 (45.8) 15 (35.8) 7 (43.7) 
13 (18.9) 

 
7 (43.7) 34 (41.4) 

AGE 42.2 ± 13.9 37.7 ± 17.1 39.2 ± 16.4 33.6 ± 14.6 32.2 ± 10.2 38.1 ± 9.1 0.32 0.52 0.37 0.31 0.29 

MEAN PAIN 
DURATION (IN 

YEARS) 0 4.1 ± 1.3 2.7 ± 1.4 2.2 ± 1.1 --- 1.9 ± 1.2 --- --- --- --- --- 
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Table 2 - Characteristics of the polymorphisms studied in the COMT, ADRB2, and HTR1A genes  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

SNP, single nucleotide polymorphism. /  a Base change according to Applied Biosystems. / b MAF: minor 
allele frequency according to GenBank. 

Gene 
symbol 

 

Gene name 

Chrom
osome 

SNP  
Base pair 
position* 

SNP type 

Base changea 

MFAb Mechanism References 

Major Minor 

COMT 
catechol-O- 

methyltransfe
rase 

 

22 

rs165774 19965038 Intragenic A G 0.20 Chronic pain Hocking et al. (10) 

rs6269 19962429 Intragenic A G 0.35 Pain sensitivity Diatchenko et al. (9) 

rs9332377 19968169 Intragenic C T 0.17 Chronic pain Skouen et al. (23) 

ADRB2 
Adrenoceptor 

beta 2 
5 

rs2053044 
148825809 Intragenic A G 0.34 

Chronic 
musculoskeletal 

complaints 

Skouen et al. (23) 

rs1042713 
148826877 Missense A G 0.47 

Reduced diastolic 
blood pressure 

Diatchenko et al. (9) 

rs1042714 
148826910 Missense A G 0.20 

Chronic pain 
conditions such as 

TMD 

Diatchenko et al. (9) 

HTR1A 

5-
hydroxytrypta

mine 
(serotonin 

receptor 1A) 

 

5 

rs1364043 63955024 Intergenic G T 0.33 

Pain catastrophizing 
(anxiety and 
neuroticism) 

Horjales-Araujo et al. (15) 

rs13361335 63970064 Intergenic G T 0.23 

Panic disorder Blaya et al. (20) 
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Table 3 - Distribution of genotypes and alleles of the COMT, ADRB2, and HTR1A genes, adjusted for age 

Gene SNP Genotypes 
Control 

N=72 

Myofas

cial 

pain 

N=42 

Joint 

N=16 

Multipl

e 

diagnos

es 

N= 69 

With 

TMD 

and 

withou

t some 

other 

arthral

gia 

N=16 

Without 

TDM 

and 

with  

other 

arthralg

ia 

N=82 

p-value* (CI) (AJUSTED FOR AGE) 

Control x 

Myofascial 

pain 

Control x 

Joint 

Control x 

Multiple 

diagnoses 

Control x With 

TMD and 

without some 

other arthralgia 

Control x 

Without TDM 

and with other 

arthralgia 

 

P value OR P value OR P value OR P value OR P value OR 

COMT 

rs165774 
AA-AG-GG / 

AG+GG 

2-39-31 / 

70 

3-18-21 

/ 39 

1-8-7 / 

15 

4-28-37 

/ 65 

1-6-9 / 

15 

2-27-46 

/73 

0.2 / 0.2 0.3 0.8 / 0.4 0.4 0.4 / 0.3 0.4 0.4 / 0.4 0.4 0.1 / 0.6 1.0 

rs6269 
GG-GA-AA / 

GA+AA 

1-22-49 / 

71 

4-16-22 

/ 38 

1-5-10 

/ 15 

3-19-47 

/ 66 

1-2-13 

/ 15 

3-33-42 

/ 75 

0.1 / 

0.06 

0.1 0.6 / 0.3 0.2 0.5 / 0.2 0.3 0.1 / 0.3 0.2 0.3 / 0.3 0.3 

rs9332377 
CC-CT-TT / 

CT+TT 

10-49-13 

/ 62 

8-20-14 

/ 34 

3-9-4 / 

13 

7-41-21 

/ 62 

4-8-4 / 

12 

12-42-

14 / 56 

0.05 / 

0.6 

0.6 0.7 / 0.6 0.6 0.2 / 0.6 1.4 0.6 / 0.3 0.6 0.9 / 0.9 0.9 

ADRB2 

rs2053044 
AA-AG-GG / 

AG+GG 

4-50-18 / 

68 

4-22-16 

/ 38 

1-8-7 / 

15 

4-48-17 

/ 65 

1-11-4 

/ 15 

8-55-18 

/ 73 

0.3 / 0.3 0.5 0.4 / 0.6 0.9 0.6 / 0.5 0.9 0.9 / 0.6 0.9 0.6 /0.5 0.5 

rs1042713 
AA-AG-GG / 

AG+GG 

71-1-0 / 

1 

39-3-0 

/ 3 

16-0-0 

/ 0 

68-1-0 / 

1 

13-0-0 

/ 0 

68-3-0 / 

3 

0.03 / 

0.1 

5.4 0.5 / 0.8 --- 0.7 / 0.7 1.0 0.5 / 0.8 (---) 0.3 / 0.3 2.9 

rs1042714 
CC-CG-GG / 

CG+GG 

43-25-4 / 

29 

25-13-4 

/ 17 

10-6-0 

/ 6 

31-37-1 

/ 38 

3-12-0 

/ 12 

38-29-5 

/ 34 

0.5 / 0.8 1.0 0.3 / 0.9 0.8 0.06 / 0.1 1.8 0.005 / 

0.005 

4.4 0.9 / 0.8 0.9 

HTR1A 

rs1364043 
GG-GT-TT / 

GT+TT 

33-39-0 / 

39 

14-28-0 

/ 28 

6-10-0 

/ 10 

23-46-0 

/ 46 

3-13-0 

/ 13 

37-45-0 

/ 45 

0.4 / 0.2 1.7 0.5 / 0.7 1.4 0.3 / 0.1 1.6 0.04/ 

0.04 

3.7 0.8 / 0.4 1.0 

rs1336133

5 

GG-GT-TT / 

GT+TT 

0-13-59 / 

72 

0-10-32 

/ 42 

0-1-15 

/ 16 

0-11-58 

/ 69 

0-17-

66 / 83 

0-18-57 

/ 75 

0.2 / 1.0 --- 0.2 / 1.0 --- 0.9 / 1.0 --- 0.6  / 1.0 --- 0.5 /1.0 (---) 
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*p-Value calculated by chi-square and Fisher’s Exact Test, p-values < 0.05 are considered significant /   

OR: Odds Ratio;  

Table 4 - Analysis of haplotypes                                                                                                                              

Gene 

Haplótipos 

Frequency p-value (AJUSTADO PELA IDADE) 

 
Controle 

(n=72) 

Myofascial 

pain 
(n=42) 

Joint 
 (n=16) 

Multiple 

diagnoses 
(n=69) 

With TMD 

and without 
some other 

arthralgia 

(n=16) 

Without 

TDM  and 
with  other 

arthralgia  

 
(n=82) 

Control x 

Myofascial 
pain 

Control x 

Joint 

Control x 

Multiple 
diagnoses. 

Control x  

With TMD 
and without 

some other 

arthralgia 
(n=16) 

Control x 

Without 
TDM  and 

with  other 

arthralgia 
(n=82) 

COMT – Ch22 

(rs165774; 

rs6269; 

rs9332377) 

AGT 0.2 0.2 0.3 0.3 0.2 0.1 NA --- 0.2 0.4 0.01 

GGC 0.2 0.1 0.2 0.2 0.3 0.2 0.1 0.7 0.06 --- 0.2 

GGT 0.2 0.2 0.2 0.2 0.2 0.3 0.8 0.6 --- 0.9 --- 

GAC 0.1 0.2 0.2 0.1 0.07 0.2 0.8 0.9 0.2 0.2 0.8 

ADRB2 – Ch5 

(rs2053044; 

rs1042713; 

rs1042714) 

GAC 0.5 0.6 0.6 0.5 0.5 0.5 --- --- --- --- --- 

AAG 0.2 0.2 0.1 0.2 0.3 0.2 0.7 0.3 0.3 0.6 0.4 

AAC 0.1 0.09 0.1 0.1 0.03 0.1 0.3 0.4 0.6 0.1 0.2 

HTR1A – Ch5 

(rs1364043; 

rs13361335) 

GT 0.6 0.5 0.6 0.5 0.4 0.6 --- --- --- --- --- 

TT 0.2 0.3 0.3 0.3 0.4 0.2 0.1 0.8 0.2 0.02 0.6 

GG 0.09 0.1 0.03 0.08 0.1 0.1 0.1 0.3 0.6 0.1 0.4 
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ABSTRACT  

The high prevalence of painful temporomandibular disorders (TMD) in 

women, suggests that estrogen and its receptors play a fundamental etiologic role in the 

development of this joint pathology, involving complex action mechanisms. Purpose: 

The aim of this study was to evaluate the possible association between polymorphisms 

in the ESR1 (estrogen receptor 1) and ESRRB (estrogen related receptor beta) genes 

and the risk of simultaneous development of TMD and pain in other joints in the body. 

Methods: All subjects were clinically evaluated for the presence of temporomandibular 

disorders (Research Diagnostic Criteria for TMD) and asked about the presence of 

chronic joint pain. The control group consisted of 72 individuals without TMD and without 

pain. Individuals with arthralgia were divided into three groups: with muscular TMD (n = 

42), with articular TMD (n = 16), and those without TMD and with systemic arthralgia (n 

= 82). A total of eight single nucleotide polymorphisms in the ESR1 (rs12154178, 

rs1884051, rs2273206, rs7774230) and ESRRB (rs1676303, rs4903399, rs10132091, 

rs7151924) genes were investigated. The chi-square test and the Student's t-test / 

Mann-Whitney test were used to assess the significance of the nominal and continuous 

variables, respectively. A value of p <0.05 was considered significant. Results: The TT 

(timin/timin) genotype for the ESR1 (rs2273206) gene was highly associated with the 

risk of developing muscle TMD and temporomandibular joint pain (p = 0.04). In the 

ESRRB (rs1676303) gene, an association was observed between the CC 

(cytosine/cytosine) genotype and the presence of articular TMD associated with other 

chronic arthralgia (p = 0.02). These results are confirmed by the increased risk of 

developing articular TMD associated with the C allele (p = 0.04). Conclusion: This study 

supports the hypothesis that changes in the ESR1 and ESRRB genes influence the 

presence of TMD associated with chronic joint pain.  

Key words: Temporomandibular Joint Dysfunction Syndrome, Arthralgia, Polymorphism 

Genetic, Chronic Pain, Estrogen.  
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INTRODUCTION  

The high prevalence of painful temporomandibular disorders (TMD) in 

women, the pattern of onset after puberty, and the lower prevalence rates in the 

postmenopausal period, suggest that female reproductive hormones play a fundamental 

etiologic role in the development of this pathology (1-2). Although involving different 

mechanisms, it is believed that the influence occurs directly on the metabolism and 

homeostasis of the temporomandibular joint (TMJ) (2), but also on pain modulation, 

through their action on the central nervous system (CNS) and the peripheral nervous 

system (3).  

Estrogen is produced not only in the ovaries and adrenal glands, but also in 

non endocrine tissues such as bone and central nervous system (CNS) (4). Its biological 

effects are based on both genomic mechanisms (mediated by interaction with the alpha 

(ER-α) and beta (ER-β) estrogen receptors (ER)), and on non-genomic mechanisms 

that involve G protein-coupled receptors (GPCRs) capable of activating intracellular 

signaling cascades (4). 

 In human articular tissues, both types of ER are expressed by chondrocytes 

(5), subchondral bone cells (6), synoviocytes (7), and ligament fibroblasts (8). However, 

ER α predominates in cortical bone and ER-β predominates in cartilage, cancellous 

bone, and synovium (7). Estrogen acts on osteoblast differentiation, decreasing cell 

proliferation and altering the regulation of the extracellular matrix (9), and also on the 

extracellular cartilage matrix, influencing its tolerance against overloads (10). It also 

produces increased sensitivity of joint structures to relaxin and activation of matrix 

metalloproteinases, resulting in ligament laxity and catabolism of the articular disc (11). 

All these mechanisms predispose the TMJ to the development of degenerative changes 

(12).  

In relation to pain modulation, it is believed that estrogen can interact with 

Nmethyl-D-aspartate (NMDA) receptors and serotonin (4). NMDA receptors are 

glutamate receptors (considered to be the main neurotransmitter of the CNS) activated 

by ER-β after the neuronal sensitization process (4-13). These receptors mediate the 

rapid depolarization in most of the synapses in the brain and spinal cord, associated 

with sodium ion influx channels. Once activated, they play a key role in central 

sensitization, depolarizing the second order neurons and activating calcium / calmodulin 

dependent kinases, which in turn phosphorylate postsynaptic proteins, activating other 

NMDA receptors (14). It is believed that estrogen is capable of increasing the 
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hypothalamic excitability of the NMDA receptors, as well as their sensitivity to glutamate, 

via these mechanisms (15-16). Thus, the ERs in the periaduqueal substance become 

able to influence the pro-nociceptive pathways of pain modulation (4).  

Changes in estrogen levels can also cause increased concentration of 

serotonin and inhibition of gene expression related to its reuptake, thus increasing the 

time this neurotransmitter remains available in the synapses and interstitial spaces. 

Furthermore, ER activation is able to influence the distribution and actions of serotonin 

receptors, with the activation of type β resulting in activation of serotonin receptors, 

while the activation of type α leads to silencing the serotonergic receptors (13). 

Serotonin in combination with estrogen can exert central and peripheral effects. On the 

periphery, it exerts a pronociceptive effect (17) and is considered an inflammatory 

mediator, released from platelets and mast cells after tissue injury, and exerting direct 

action on C fibers (18). At the central level, this substance is located in the superficial 

layers of the dorsal horn and has an anti-nociceptive effect (17).  

It is believed that genetic and epigenetic alterations may be related to 

estrogen and its receptors, influencing the development of TMD and the precipitation 

and maintenance of painful conditions (19-20). The gene encoding the ER-α, ESR1, is 

located on chromosome 6q and includes 7 introns and 8 exons over a range of 140 kb. 

ESR1 gene polymorphisms are correlated with endometriosis, uterine fibroids, breast 

cancer, osteoporosis, and osteoarthritis (21). The high proportion of females with TMD 

in various studies suggests genetic alteration of the ESR1 gene as a strong candidate 

for association with this disorder (22).  

The ESRRB (estrogen related receptor β) is a group of orphan nuclear 

receptors that act on the establishment and maintenance of hormone production in 

various tissues, with expression in regions where estradiol has important physiological 

functions, and share target genes in common with other ERs, such as osteopontin (23), 

lactoferrin (24), and pS2 (25). It has also been identified as a cofactor of hypoxia 

inducing factor (HIF) in mediating adaptation to the hypoxic environment and oxygen 

homeostasis (26). In a recent study conducted in 2015, polymorphisms in the ESRRB 

gene (rs6574293, rs4903399, rs10132091) were associated with the risk of damage 

developing both in the TMJ and in the shoulder joint (20).  

Thus, it is believed that the association between TMD and other chronic 

systemic arthralgia is not random. There is a genetic and clinical basis for the comorbid 

development of both diseases. The presence of polymorphisms in genes associated 
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with estrogen metabolism may be related to the development of multiple joint pain. 

Thus, the aim of this study was to evaluate the possible association of polymorphisms in 

the ESR1 and ESRRB genes with the risk of simultaneous development of TMD and 

pain in other joints in the body.  

  

MATERIALS AND METHOD  

This is a descriptive, cross-sectional, randomized study, approved on May 30, 

2013, by the Research Ethics Committee of University Salty Olive – Universe, under 

opinion number 286.354. Free and informed consent was obtained from participants in 

writing prior to conducting the research. The recommendations from Strengthening the 

Reporting of Observational Studies in Epidemiology (STROBE) (27) were followed for 

the study's design and development.  

The study included individuals who attended at the Fluminense Federal 

University (who were companions or patients seeking institution care, who were in the 

waiting rooms of the institution), randomly selected, between 18 and 65 years of age, 

with no history of macro trauma of the TMJs and / or the joints of the knee, hip, ankle, 

shoulder, wrist, and elbow. The individuals were solicited at random, over a period of 

two years. Exclusion criteria were: joint surgery, diagnosis of rheumatoid arthritis, 

systemic lupus erythematosus, fibromyalgia, other types of systemic joint diseases and / 

or previous treatment for TMD. The study methodology was divided into four stages: 

Stage 1 - Clinical diagnosis of TMD:  

All participants were examined clinically by the same evaluator, using the 

Research Diagnostic Criteria for Temporomandibular Disorders (RDC / TMD) - Axis I 

(28), the tool validated for the physical diagnosis of TMD, and that allows classification 

of participants into some of the following diagnostic subgroups: (0) no TMD; (1) painful 

muscle disorders; (2) joint disc position changes; and (3) painful and / or degenerative 

TMJ conditions. This process occurs in a manner that is not mutually exclusive, allowing 

each participant to belong to more than one diagnosis subgroup.  

The joint diagnoses (subgroups 2 and 3) were combined to form a single 

group called "joint disorders." Thus, three groups were formed: (a) control (no TMD 

diagnosed); (b) muscle disorders; and (c) joint disorders. The group of individuals who 

had both muscle and joint TMD was excluded. This tool was administered to all patients 

by a single trained examiner (author L.L.B.).  
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Stage 2 - Assessment of the presence and duration of other arthralgia: 

In this stage, each participant answered a questionnaire, considering: the 

presence of pain in the knee, hip, ankle, shoulder, wrist, and elbow joints; and pain 

duration (days, months, or years). The questionnaire was administered exclusively by a 

second examiner, who had no prior knowledge of the presence or absence of TMD in 

the participants being assessed. Arthralgia presence for more than three months was 

considered chronic (29-30).  

According to the diagnosis of TMD and other assessed arthralgia, the study 

volunteers were divided into four groups: 1) With muscular TMD and chronic pain in 

another joint in the body; 2) With joint disorders and chronic pain in some other joint in 

the body; 3) Individuals who did not have TMD, but presented some other type of 

chronic arthralgia; and 4) individuals without TMD and who did not have any type of joint 

pain (control group).  

Stage 3 - Genotyping  

Genomic DNA was obtained from saliva samples from all participants, as 

previously described (31). The concentration and purity of DNA were analyzed using the 

NanoDrop® spectrophotometer (Thermo Scientific, Wilmington, DE, USA). All samples 

had to present an A260 nm / A280 nm ratio greater than 1.9 (20).  

Eight single nucleotide polymorphisms in the ESR1 (rs12154178, rs1884051, 

rs2273206, rs7774230) and ESRRB (rs1676303, rs4903399, rs10132091, rs7151924) 

genes were selected, considering the linkage disequilibrium relationships and gene 

structure. These SNPs were previously identified and included in the National Center for 

Biotechnology Information (NCBI) database (http://www.ncbi.nlm.nih.gov/SNP/) with the 

lowest allelic frequency having to be >0.12. All procedures followed the 

recommendations of the STREGA (32).  

Stage 4 – Statistical methods  

Data processing and statistical analysis were performed using STATA 12.0 

(Stata Corp., College Station, TX, USA). The sample size included the spontaneous 

demand of patients and companions at the Fluminense Federal University, over 2 years, 

respecting the inclusion criteria. This calculation was designed to detect a risk factor that 

reached 40% of the sample, with a 5% alpha and 90% power. To verify normal 

distribution of the numerical variables, the Shapiro-Wilk test was used, followed by 

analysis of variance with the Student's t-test and Mann-Whitney test, for normal and 

non-normal distributions, respectively. To evaluate the significance of nominal variables 
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between groups, the chisquare test was used. To evaluate the correlation between age 

and number of joints with pain, the parametric test with Pearson's linear correlation 

coefficient was used.  

Differences in the frequency of genotypes and alleles between groups were 

analyzed using the chi-square test, after fitting for Hardy-Weinberg equilibrium. Values 

of p<0.05 were considered statistically significant, and the risks associated with 

individual alleles and genotypes, calculated as the odds ratio (OR), with a 95% 

confidence interval (CI). To calculate linkage disequilibrium and haplotypes, the 

ARLEQUIN computer program was used (v.20; http://anthro.unige.ch/arlequin).   

 

RESULTS  

• Clinical findings: prevalence of TMD and other arthralgia  

From a total of 337 volunteers evaluated during a two-year period, 212 were 

included in the study. Of these, 58 had TMD and other arthralgia, involving 32 women 

(55.2%) and 26 men (44.8%). Among the TMD subgroups formed, 42 (33%) had only 

muscular disorders, and 16 (12.5%), only joint disorders. The group of those without 

TMD but with other chronic joint pain (n = 82) was composed of 52 women (63.4%) and 

30 men (36.6%). And the control group, consisting of 72 individuals free of any articular 

symptoms and other TMD diagnoses, was formed by the inclusion of 39 women (54.2%) 

and 33 men (45.8%).  

Based on the application of the chi-square test, there was no statistically 

significant difference between the prevalence of reported pain between the sexes, as 

well as in the difference between ages (Table I).  

Table I - Clinical parameters of the study population 

Genetic association analysis  

The characteristics of the 8 polymorphisms studied in the ESR1 (rs12154178, 

rs1884051, rs2273206, rs7774230) and ESRRB (rs1676303, rs4903399, rs10132091, 

rs7151924) genes are presented in Table II.   

Table II - Characteristics of the polymorphisms studied in the ESR1 and 

ESRRB genes 

The frequencies of the genotypes and alleles were adjusted for age, and are provided in 

Table III. Alleles are homologous segments of DNA, alternate forms of the same gene 
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and affect the same characteristic differently. The prevalence of each genotype and 

alleles was presented, being compared through the chi-square test between the 

evaluated groups.   

Table III - Distribution of genotypes and alleles of the ESR1 and ESRRB genes, adjusted 

for age. 

Significant differences in the ESR1 and ESRRB genes was observed when 

compared to the control group. The TT genotype for the ESR1 (rs2273206) gene is 

highly associated with the risk of developing muscular TMD and temporomandibular 

arthralgia (p = 0.04).  In the ESRRB (rs1676303) gene, association was observed 

between the CC genotype and the presence of articular TMD associated with other 

chronic arthralgia (p = 0.02). These results are confirmed by the increased risk of 

developing articular TMD associated with the C allele (p = 0.04). It is noted that not all 

allelic and genotypic frequencies of the SNPs were within Hardy-Weinberg equilibrium. 

However, the data were considered since the evaluated genes have no description, until 

now, in the Brazilian population.  

  

Analysis of haplotypes in the ESR1 and ESRRB genes  

Considering that the alterations in the aforementioned genes may be related 

to the presence of chronic joint pain in individuals with TMD, the haplotype analysis was 

performed comparing the groups that had joint pain with the control group, and adjusting 

for age (Table IV). Haplotype corresponds to a combination of a group of adjacent loci 

alleles, which are part of the same chromosome, usually inherited as a unit. However, 

there were no significant associations between the genes when analyzed as haplotypes.  

Table IV - Analysis of haplotypes 

 

DISCUSSION  

The function of estrogen in the development and perpetuation of chronic pain, 

based on genomic mechanisms (determined by their interaction with nuclear ER-α and 

ER-β), and non-genomic ones (involving G protein-coupled receptors) (4), has been 

heavily explored. However, the high prevalence of osteoarthritis (OA) in 

postmenopausal women raised interest in how such receptors possibly act, not only in 

the perception and processing of painful stimuli (33), but also in the homeostasis of 

articular tissues (34). While much attention is concentrated on the effects of estrogen on 
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articular cartilage, estrogen deficiency also clearly affects other joint tissues, such as 

periarticular bone, synovial lining, muscles, ligaments, and the joint capsule (34), raising 

interest in how this hormone can influence the development of other types of joint 

disorders. The present study, unprecedented, provides preliminary evidence that 

polymorphisms in the genes related to the alpha (ESR1) and beta (ESRRB) receptors 

are associated with the risk of developing muscle and joint TMD, respectively, in 

individuals with chronic joint pain.  

The alpha and beta ERs are encoded by different genes, in the 6q25.1 and 

14q23.2 human chromosomes, respectively. After hormone binding to these receptors, 

the hormone-receptor complexes bind to specific DNA sequences, or interact with other 

transcription factors (35), possibly activating approximately 137 genes under their 

control, and making the effect of these receptors highly complex (36). Gene regulation 

occurs by recruiting different transcription co-regulators that play a central role in the 

activation (or repression) of genes. Less than 50% of these co-regulators are common 

to the alpha and beta types, contributing to the distinct functions of the two receptor 

subtypes (37). In addition, although both subtypes may be expressed in the same 

tissue, they cannot be expressed in the same cell type. When present in cells that have 

both subtypes of receptors, ER-β is responsible for antagonizing the actions of ER-α 

(38).  

Both types of ERs are expressed by chondrocytes, subchondral bone cells, 

synoviocytes, ligament fibroblasts, and myoblasts in humans and other species, 

suggesting the interaction between these receptor regions (38). In bone tissue, ER-α is 

expressed by osteoblasts and pre-osteoclasts, and osteoclast maturation and bone 

resorption are associated with the loss of expression of this receptor (39). In human 

skeletal muscle, it has been observed that the expression of mRNA of the gene related 

to ER-α was 180 times higher than that of ER-β (40). Thus, it is believed that alterations 

in only one of the genes related to ERs can cause alterations in the function of both 

receptors, influencing various physiological functions, among which are highlighted pain 

processing and also the development and metabolism of the TMJ and associated 

structures (2-9).  

Corroborating this statement, in our study, the TT genotype polymorphism 

rs2273206 in the ESR1 gene was highly associated with the risk of muscular TMD 

development. In a study of 100 women, Kang et al., 2007, observed the association 

between polymorphisms in the ESR1 gene and susceptibility to pain in female patients 

with osteoarthritis of the temporomandibular joint. While Smith et al., 2014, evaluating 
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398 women with TMD, observed the presence of epistatic interactions (when two or 

more genes determine the production of enzymes that catalyze different steps of a 

single biosynthetic pathway) between polymorphisms in the COMT (catechol-

Omethyltransferase) and ESR1 genes (22). This finding emphasizes the influence of 

estrogen on the metabolism and development of TMJ structures, and also its relation 

with pain modulation and processing (41). It is believed that the COMT gene has great 

influence on the development of chronic pain when polymorphisms in this gene coexist 

with other SNPs, such as the ESR1 gene, affecting the stability of the proteins produced 

and influencing their translation process (42). 

 Approximately 2,334 SNPs in the ESR1 gene have been identified to date, 

related not only to reproductive tract diseases, but also with osteoporosis, 

cardiovascular disease, disorders involving the central nervous system, and 

malignancies, such as breast cancer (43). The most-studied SNPs related to ESR1 are 

the microsatellite (TA)n and the Pvu II and Xba I SNPs. These polymorphisms are 

located in non-coding regions, and can interfere with modulation of the transcription of 

the gene, because both in the first intron of the gene, where the Pvu II and Xba I SNPs 

are located, as well as in the promoter region, where the (TA)n and (GT)n repeats are 

located, they usually contain a large number of regulatory sequences (43).  

While in relation to the ESRRB gene, also corresponding with the literature 

cited above, association was observed between the CC genotype and the presence of 

articular TMD associated with chronic arthralgia, confirmed by the increased risk of 

articular TMD development associated with the C allele. ESRRB is a nuclear receptor 

that acts in cellular apoptotic modulation in hypoxic environments and also in the 

pluripotency of embryonic stem cells (44). The area of the TMJ associated with 

mechanical damage and neurogenic inflammation, also influenced by estrogen, is 

characterized by a hypoxic environment, and an increase in the levels of hypoxia 

inducing factors can initiate apoptosis through the induction of high concentrations of 

pro-apoptotic proteins, resulting in degenerative joint changes (44). Polymorphisms in 

the rs1676303 region were associated in previous studies with joint rotator cuff lesions 

(44-45). In this study, the TT genotype was associated with increased risk of developing 

joint disease. The influence of polymorphisms in the ESRRB gene related to the 

development of TMD has been investigated in only one study, conducted by our group, 

with the GG genotype in the rs6574293 region being associated with increased risk of 

developing the disorder (20).  
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Although there are different concentrations and ER locations in the body 

tissues, their identification has been done mainly in the articular cartilage, growth plate, 

and the TMJ (46). Thus, since the presence of polymorphisms in the ESR1 and ESRRB 

genes was not observed in the group of individuals without TMD but with joint pain, the 

influence of mutations in the genes and changes in the metabolism of the TMJ is again 

emphasized.  

In this study, for ethical reasons, the acquisition of tomographic images from 

all the volunteers was not possible, which represents a major limitation. However, it is 

emphasized that this work is important for pioneering in the study of the genetic basis 

present in individuals with TMD and chronic arthralgia. It is believed that alterations in 

estrogen-related hormone receptors act through the modulation of pain processing and 

also in the metabolism of structures related to the TMJ. Other types of genetic studies 

should be carried out, considering the analysis of specific miRNA, and also the dosage 

of gene expression and tissue proteins in TMJ surgery patients, aiming to elucidate the 

pathophysiological mechanism of TMD. However, due to the restricted size of the 

sample, it is suggested to carry out new studies considering larger sample size and 

even other genetic evaluations.  

  

CONCLUSION  

In the sample studied, polymorphisms in the ESR1 gene were associated with the 

presence of myogenic TMD associated with chronic arthralgia. In this same group of 

individuals, alterations in the ESRRB gene were associated with the presence of 

articular TMD.   
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History of chronic periodontitis (CP) is a risk factor for oseointegration failure. The 

osteoclastogenesis system (RANK, RANKL and OPG) is critical for bone homeostatic control. 

We investigated the levels of OPG and RANKL in peri-implant tissues from volunteers with 

and without a history of CP and their association with mucosae inflammation. This is a single-

blind case-contro study. Diagnosis of a history of CP and peri-implant examination was 

performed on 46 volunteers, divided into control (without history of CP, n=26) and CP group 

(with history of CP, n=20). Gingival biopsies were harvested during implant exposure. 

Quantitative PCR evaluated OPG/RANKL mRNA expressions. OPG and RANKL proteins 

were analyzed by western blot and immunohistochemistry assay. The chi-square test 

analyzed the significance of nominal variables between groups while continuous variables 

were analyzed by T-test or Mann-Whitney test, after Shapiro-Wilk test evaluation. The 2-

ΔΔCT Livak method calculation evaluated the gene expression. Values of p<0.05 were 

considered statistically significant. Volunteers with CP history had 23 times higher chance of 

developing mucosae inflammation. High mucosae levels of RANKL (p=0.04) and 

RANKL/OPG (p=0.001) mRNA expressions were observed in CP group. CP volunteers 

showed increased RANKL protein levels in opposition to decreased OPG expression. Even 

without active periodontitis, volunteers with a history of CP had elevated gingival levels of 

RANKL/OPG and higher correlation with peri-implant mucosae inflammation and implant loss. 
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Introduction  
The osteogenic process requires a careful chronological 

coordination of molecular signals to drive proliferation, 

migration and differentiation of mesenchymal precursor 

cells in osteoblasts (1). Osseointegration success is 

determined by the incorporation of the woven bone and the 

bone mass’ adaptation to bearing a load (2). 
 

Recently, chronic periodontitis (CP) was considered a 

major risk factor for impaired osseointegration process 

(3,4). Similar to periodontitis, in peri-implantitis, increased 

microbial activity can disrupt the balance of the host 

response, stimulating osteoclastic activity with consequent 

bone resorption and implant loss (5). Advances in bone cell 

biology demonstrated that bone resorption is regulated by 

the interplay of a cytokine system belonging to tumor 

necrosis factor ligand and receptor superfamilies, which 

comprise the osteoclastogenesis system - the receptor 

activator nuclear factor kappa-B (RANK)/ RANK ligand 

(RANKL)/osteoprotegerin (OPG) (6). 
 

RANKL, also known as TNFSF11, is the eleventh member 

 

 
of the OPG ligand family, expressed by osteoblasts, stromal 

cells, fibroblasts, B cells and T cells when stimulated by 

cytokines and bacterial lipopolysaccharides (7). Its action is 

conducted by connecting to RANK on the surface of pre-

osteoclast/osteoblast cells, resulting in the enhancement of 

osteoclasts activity (8). 
 

Conversely, OPG, also known as osteoclastogenesis 

inhibitory factor or TNFRSF11B, is a soluble circulating decoy 

receptor of RANKL that antagonizes the RANK-RANKL 

interaction and, therefore, promotes bone formation by inhibiting 

osteoclastogenesis (9). RANKL and OPG regulate bone 

resorption by positive or negative stimulation of RANK on 

osteoclast cells (10). The positive association of genetic 

markers for RANK and OPG has been observed in bone-

destructive diseases, such as Paget’s disease, familial 

expansile osteolysis and osteoporosis. In addition, studies have 

shown that the relative ratio of RANKL/OPG is higher in sites 

with periodontitis when compared to healthy sites (10). 
 

Few studies on the role of RANKL/OPG in peri-implant 

failure have been reported. These studies have found the 
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association of higher OPG levels with healthy peri-implant 

status, and increased RANKL expression with peri-implant 

disease (11,12).  
As far we know, no previous study detected early peri-

implant tissue alterations associated with the 

osteoclastogenesis system. Taking into account that: the 

bone remodeling process is crucial for osseointegration and 

peri-implant health; patients with CP history show high risk 

for peri-implant disease (13,14) and the osteoclastogenesis 

system is the main pathway for osteoclastic activation, our 

hypothesis is that subjects with history of CP have high 

RANKL/OPG expression during osseointegration period, 

disrupting the peri-implant tissue’s healing. 
 

Therefore, the purpose of this study was to investigate 

the levels of OPG and RANKL in earlu osseointegrated 

peri-implant tissues from subjects with and without a history 

of CP and its association with uneventful osseointegration 
 
 and mucosae inflammation 

 Material and Methods 
 Volunteers 

 Forty-six volunteers, presenting 56 osseointegrated 

 endosseous implants, were recruited for this case-control 

a
l.

 

single-blind (in order to avoid any source of bias) study, 

E
t 

from the volunteers’ pool at the Dental Clinics of the Faculty 

C
o

st
a

 

of Dentistry, Universidade Federal Fluminense, Niterói, RJ, 

C
. Brazil, during one year. Clinical procedures were conducted 

L
. 

in full accordance with ethical principles, including the  

 World Medical Association Declaration of Helsinki (version 

 2008) and according to recommendations from University’ 

 Research Ethics Board (Registration number 80627). 

 Informed consent was obtained from all participants. The 

 baseline clinical parameters for the subject population are 

 shown in Table 1. Exclusion criteria were: biphosphonate 

 use, intake of antibiotics and anti-inflammatory agents in 

 the preceding three months, pregnancy and/or lactation in 

 female volunteers, no preoperative radiography, one stage 

 or immediate implant placement, concurrent bone grafting 

 needed, early implant exposure during osseointegration 

 period, non-treated periodontitis, non-compliance with 

 study protocol and smokers. All included volunteers 

 underwent a two-stage implant placement procedure, 

 showing favorable bone quality and quantity (15), and had 

 completed the recommended periodontal therapy prior 

 implant placement. Post-operative instructions included 

 1-week antimicrobial rinse (0.12% chlorhexidine) use and 

 analgesics (prn). Sutures were removed at week 1. 

 Chronic Periodontitis Diagnosis 

 The diagnosis and classification of chronic periodontitis 

 was based on Armitage (16), specifically on Table 5 

 description, including as diagnosis an adult prevalence, 
       

                2 

 
 
slow to moderate bone resorption, possible association with 

systemic disease and previous subgingival calculus. All 

diagnosis were established by a single trained and calibrated 

examiner. All information about the volunteer’s periodontal 

history was obtained by accessing the individual dentistry 

recorde. Volunteers diagnosed with chronic periodontitis were 

under regular maintenance. We considered volunteers with no 

active periodontal disease when under clinical examination 

bleeding on probing and plaque accumulation were absent and 

no mobility was observed. 
 

Based on periodontal status, volunteers were divided into 

control group (without history of chronic periodontitis, n=26) and 

CP group (with history of chronic periodontitis, n=20). 

 
Osseointegration and Peri-Implant Mucosae 

Evaluation  
Implant exposure surgery was performed 3 and 6 

months after implant placement for mandible and 

maxillary, respectively. All implants with internal hexagon 

and external hegan platform were placed at a crestal 

level, while Morse cone platform type implants were 

placed at the subcrestal level. The criteria for uneventful 

ossointegration were: implant immobility; absence of 

peri-implant radiolucency; absence of persistent signs 

and/or symptoms - pain, infection, neuropathy, 

paresthesia, or mandibular canal commitment (17).  
All peri-implant regions were underwent clinical and 

radiographic examination, one month after implant 

exposure, in order to evaluate the osseointegration and 

peri-implant tissue status. Clinical examination consisted 

of visual inspection and palpation, analysis of mucosal 

inflammation, edema, spontaneous bleeding, bleeding 

on probing, pus, implant platform type and mobility. 

Based on local characteristics, volunteers were 

characterized as (i) having uneventful healing (with 

adequate osseointegration, without implant mobility or 

mucosae inflammation) or (ii) peri-implant mucosae 

inflammation (13,14) (with mucosae inflammation 

characterized by bleeding on probing and red mucosae 

and/or inadequate osseointegration implant mobility). 

 
RNA Expression  

Gingival biopsies were harvested from 46 volunteers (26 

from control group and 20 from CP group) after the 

osseointegration period, during the implant exposure 

procedure.  
Total RNA was isolated using the Trizol® Reagent 

(InvitrogenTM, Life Technologies, NY, USA) method 

according to the manufacturer’s protocol. DNase treatment 

to digest genomic DNA was done using DNA-free DNase® 

(Ambion by InvitrogenTM). RNA integrity was confirmed 
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on a 1.2% agarose denaturing gel electrophoresis stained with 

SYBR Nucleic Acid Gel Stain® (Invitrogen™). RNA purity was 

confirmed with the spectrophotometic absorbance ratio at 

260/280 (Nanodrop® 1000, Thermo Scientific, Wilmington, DE, 

USA). Reverse transcription-polymerase chain reaction (RT-

PCR) was performed for the synthesis of complementary DNA, 

from 300 ng of RNA using the system ImProm-II Reverse 

Transcription System™ (Promega Corporation,Madison, WI, 

USA), according to the manufacturer’s protocol. The blank 

control (RT-PCR without RNA template) and RT (-) reactions 

(PCR without reverse transcription) were executed along with 

all RT-PCRs. The quantitative PCR (qPCR) reactions were run 

in the MxPro-Mx3005p software (Stratagene/Agilent 

Technologies, Wilmington, DE, USA) using the detection 

system Fast Sybr Green Master Mix (Applied Biosystems, 

Foster City, CA, USA) with 1.5 µL of cDNA in each reaction. 

qPCR was performed with an activation step at 95 °C for 10 

min, followed by 40 cycles of denaturation and 

annealing/extension (95 °C 15 s and 60 °C 1 min). It was 

designed specific primers for OPG (forward 5’ 

AGGAGCTGCAGTACGTCAAG 3’ and reverse 5’ 

TCTGGGGTTCCAGCTTGC 3’) and RANKL (5’ 

GCAGAGAAAGCGATGGTGGA 3’ and 

5‘GGAACCAGATGGGATGTCGG 3’) based on BLAST 

database (http://blast.ddbj.nig.ac.jp/top-j.html). A melt curve 

was performed for specific amplification analysis. Values were 

normalized with respect to constitutive expression of β-actin 

(forward 5’ - TACAATGAGCTGCGTGTGG - 3’/ reverse 5’ - 

AGAGGCGTACAGGGATAGCA - 3’). Data are presented as 

fold change relative to a calibrator (RNA pool). All reactions 

were performed in duplicate and checklist with essential 

information to ensure reproducibility (18). 

 
Western Blot  

In order to confirm gene expression results, a 

representative sample (eight gingival biopsies) was analyzed for 

OPG and RANKL proteins quantification, by mechanical and 

sonication process, quantified by Bradford methods (19). Five-

hundred µg of protein were homogenate in sample buffer (0.02 

mM dithioreitol; 1.38 mM sodium dodecyl sulfate; 125 mM Tris-

HCl, [pH 6.8 and 20% glycerol]) and 50 µg of protein were 

separated by 10% SDS-polyacrylamide gel electrophoresis. 

Proteins were then electro-blotted to a PVDF membrane (Hy-

bond TM-P, Amersham Biosciences, Brazil). Membranes were 

blocked in 5% non-fat dry milk in Tris-buffered saline 0.001% 

Tween 20 for 1 h and then incubated with the primary 

antibodies: rabbit-polyclonal anti-OPG (Abcam, Cambridge, 

UK), rabbit-polyclonal anti-RANKL (Abcam) and mouse-

monoclonal anti-tubulin (Clone DM1A; Sigma-Aldrich, St. Louis, 

MO, USA) overnight. The reaction was observed using 

SuperSignalWest Pico Chemiluminescent Substrate (Pierce). 
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Immunohistochemistry  
Paraffin-embedded heads from 2 samples from both 

groups were sectioned in the coronal plane at 4 μm 

thickness and mounted onto slides. Sections were dipped in 

xylene to remove the paraffin and dehydrated through a 

graded alcohol series. In order to prevent endogenous 

peroxidase activity, sections were incubated with 3% 

hydrogen peroxide in methanol for 30 min at room 

temperature following sodium citrate antigen unmasking 

treatment for 20 min at 96 °C. Five percent normal goat 

serum in PBS-Triton (0.3%) was used for blocking at room 

temperature. The following antibodies were used: anti-OPG 

and anti-RANKL (1:200, rabbit polyclonal antibody, Abcam) 

in 5% normal Bovine Serum at 5%, overnight at 4 °C. After 

that, the slides were treated with peroxidase staining 

(Sigma-Aldrich) and developed with diaminobezidine 

tetrahydrochloride (DAB-Vector Laboratories, Burlingame, 

CA, USA). The slides were then counterstained with Harris 

hematoxylin or methyl green and mounted with Entellan 

(Merck Millipore, São SP, Brazil) in order to visualize nuclei 
 

of the cells. Negative controls were obtained by omitting 

i n f l a m m a t i o n 

 

the primary antibody of each reaction. The slides were  

photographed under a Nikon Eclipse TE300 microscope  

(Nikon Company, Melville, NY, USA). 

-i
m

p
la

n
t 

Statistical Analyses 

p
er

i 

The sample size included the spontaneous demand 

in
 

of patients at the Dental Clinics of the Dental School, 

R
A

N
K

L/
O

P
G

 

Universidade Federal Fluminense and Universidade Veiga  

de Almeida over 1 year, respecting the inclusion criteria.  

This calculation was designed to detect a risk factor that  

reached 40% of the sample, with alpha of 5% and 80%  

power. Nominal variables were expressed as frequencies  

and percentages. To access the significance of nominal  

variables between groups, the chi-square test was  

performed. Continuous variables were expressed as mean  

and standard deviation. The Shapiro-Wilk test was used  

to evaluate distribution among variables. ANOVA/t-test or  

Mann-Whitney tests were used to compare means between  

groups when the variable was in a normal or non-normal  

distribution, respectively, including gene expression analysis  

after 2-ΔΔCT Livak method calculation. Values of p<0.05  

were considered statistically significant. Multinomial  

logistic regression analyses were performed to permit the  

exploration of many covariates simultaneously compared  

to the healthy group. Statistical analyses were performed  

using STATA 11.1 (Stata Corp, College Station, TX, USA).  

 

Results 
Clinical Results  

From the total of 46 volunteers evaluated during six months, 

there were 34 (73.9%) women and 12 (26.1%) men,  

                                                                                             3 
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with mean age 56.3±9.9 years. No difference was found the same gingival sample from the same collected site. 

between control and CP groups regarding ethnicity, sex, Therefore, samples obtained during implant exposure 

age, general medical conditions and current medication. In surgeries were divided in three fragments, when possible: 

contrast, CP volunteers showed higher incidence of total one for RNA expression analysis, one for western blot 

edentulism (p=0.05) and unsatisfactory hygiene (p=0.02) analysis and one for immunohistochemistry. Considering 

compared to the controls (Tables 1 and 2).  the sample diameter to be about 4 mm, just in 8 samples 

Taking into account peri-implant status (Table 3) one was possible performing western blot analysis and in 1 

month after implant exposure, the CP group showed higher sample immunohistochemistry. RANKL and OPG protein 

prevalence of red mucosae (p=0.0001). Twenty-four (92.3%) levels were specifically detected in eight volunteers from the 

volunteers in the control group showed uneventful peri- total of 49 included volunteers. The western blot analysis 

implant healing during osseointegration, in contrast with showed that RANKL levels were increased in CP volunteers 

7 (35%) in the CP group. Volunteers with CP history had 23 and OPG appeared downexpressed in the same diseased 

times higher chance of developing peri-implant mucosae volunteers (Fig. 2, columns 1-3). Therefore, we employed 

inflammation and/or implant loss, compared to volunteers an affinity purified polyclonal antibody in histological 

without CP history (p<0.0001; 22.29 [4.02-123.25]) (Table sections from peri-implant tissues harvested from control 

4). Implant platform type had no association with impairing and CP volunteers (Fig. 3). Lower RANKL staining in healthy 

osseointegration.     subject was detected (Fig. 3A) in contrast with CP subject, 

Correlation of Clinical and  Osteoclastogenic staining - Fig. 3B). Consistent OPG staining in gingiva from 

Parameters     volunteers with history of CP (Fig 3D) was no observed. 

From the total of 46 samples, OPG and RANKL mRNA However, marked OPG staining (brown staining) was 

were detected in 40 tissues (81.6%). OPG showed similar characteristic of gingiva from healthy volunteers (Fig. 3C). 

mRNA levels in both groups (p=0.22). However, high levels of 

Discussion RANKL were observed (p=0.04) in the CP group. In addition, 

RANKL/OPG mRNA expressions showed higher association The purpose of this study was to investigate the levels 

with history of CP (p=0.001) (Fig. 1).   of OPG and RANKL in healing peri-implant tissues and 

The initial univariate analysis demonstrated chronic their association with uneventful osseointegration by 

periodontitis (p=0.0001) and higher RANKL/OPG expression comparing volunteers with and without history of CP. The 

(p=0.04) as potential predictive factors for osseointegration results indicated that there is significantly higher RANKL/ 

complications. In order to assess factors concurrently, a OPG expression in CP volunteers and it has a correlation 

multivariate logistic regression was performed, showing with peri-implant mucosae inflammation. Therefore, our 

chronic periodontitis as potential predictors associated study supports the hypothesis that volunteers with CP 

with harmful peri-implant healing during osseointegration, have RANKL/OPG imbalance during osseointegration, 

characterized by peri-implant mucosae inflammation. characterized by high levels of RANKL/OPG expression, 

All mRNA and protein analyses were performed in disrupting  peri-implant  tissue  wound  healing  and 

      implant disease development. 

Table 1. Baseline characteristics of all volunteers   Considerable effort has been made 
  

   
 

to understand the biological relationship  

Total Control 

Chronic  
Odds  

periodontitis p value between history of CP and peri-implant  

(n= 46 ) (n= 26 ) ratio (CI)  

(n= 20) 
 

disease (13,14,20). A great number of 

     

  
    

 

n (%) n (%) n (%) 

  

   studies have focused on the osteoclastogenic 

Ethnic group      system profile of chronic periodontitis (5,6). 

  Caucasians 26 (56.5) 14 (53) 12 (60) 

 

1.15 

However, until now, no previous study 

0.92 correlated OPG/RANKL levels in mucosae 
    

  Non-Caucasians 20 (43.5) 12 (47) 8 (40) 

(0.58-

2.27)  

of volunteers with history of CP who 
  

      

Age (years) 56.3±9.9 54.9±10.22 58.1±9.5 0.14 --- underwent to implant placement and the 

Gender      genes’ influence on the osseointegration 

  Female 34 (73.9) 19 (73.1) 15 (73.9) 

 

1.10 

process. According to ethical principles, this 

0.84 work did not collected samples from peri- 
    

  Male 12 (26.1) 7 (26.9) 5 (26.1) 
(0.29-4.1)  

implant bone. All samples were collected   

CI: confidence interval. 

         4     from peri-implant mucosae which would 



 96 

 
be discarded during implant exposure. In addition, our 

research group considered, based on peri-implant anatomy, 

that this peri-implant mucosae represents the metabolism 

from bone tissue during osseointegration period. 
 

Taking into account that the molecules responsible for the 

osteoclastogenic system and bone homeostasis work in a 

network-like organization (11), this study clearly demonstrated 

the relationship between CP and the presence of mucosae 

inflammation in early osseointegrated implants. The main 

findings of our analyses can be explored as follows: 
 
L. the destructive tissue pattern related to exacerbated 

inflammatory response in volunteers with CP (116) remains 

even after tooth loss, and this exacerbated response is 

possibly an individual pattern related to CP’s genetic 

basis, not just a local factor associated with the presence of infection 

around tooth; (ii) the relationship between high incidence of peri-

implant mucosae inflammation in volunteers with CP has the 

osteoclastogenesis system as biological basis, with increased levels 

of osteoclast activators (RANKL) in peri-implant tissues from CP 

volunteers.  
It’s a general consensus that peri-implantitis is 

characterized by progressive bone destruction and it is the 

main cause of implant failures. However, mucosae 

inflammation occurs prior to irreversible peri-implant bone 

loss (21). Therefore, signs of inflammation were evaluated 

in all volunteers during clinical examination in order to 

indicate the possibility of complications with the 

osseointegration process. In our study, volunteers with CP 

 
 
 
Table 2. Clinical findings and anamnesis data  
 

Parameters 
Total (n= 46) Control (n= 26 ) Chronic periodontitis (n= 20) p value Odds ratio (CI) 

      

n (%) n (%) n (%) 
   

    
       

General medical condition       

  Diabetes 1(2.2) 1(3.8) 0 0.56  --- 

  Rheumatoid diseases 0 0 0 ---  --- 

  Osteoporosis 1(2.2) 1(3.8) 0 0.56  --- 

  High blood pressure 4(8.7) 3(11.5) 1(5)    

  Cardiovascular diseases 0 0 0    

  Hypothyroidism 1(2.2) 1(3.8) 0 0.56  --- 

  Asthma 0 0 0 ---  --- 

  HIV 1(2.2) 0 1(5) 0.43 RR 2.36 (1.68-3.33) 

  Hepatitis B 1(2.2) 0 1 (5) 0.43 RR 2.36 (1.68-3.33) 

Current medication       

  Anti-hypertension 5(10.9) 3(11.5) 2(10) 0.62 0.85 (0.12-5.6) 

  Antimicrobials 0 0 0 ---  --- 

  NSAIDs† 0 0 0 ---  --- 

  SAIDs‡ 0 0 0 ---  --- 

  Hormone reposition 3(6.5) 3(11.5) 0 0.17  --- 

  Antidepressant 1(2.2) 1(3.8) 0 0.56  --- 

  Anti-epileptic 1(2.2) 1(3.8) 0 0.56  --- 

Clinical measurements       

  Total edentulism 8(17.4) 2(7.6) 6(30) 0.05 5.14 (0.91-29.03)     

  Partial edentulism 380(82.6) 24(92.3) 14(70)    

Oral Hygiene       

  Satisfactory 42(91.3) 26(100) 16(80) 
0.02 

 --- 

  Unsatisfactory 4(8.7) 0 4(20) 
 

---    
 
CI: confidence interval; RR: Relative risk. 
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showed significant incidence of mucosae inflammation 

compared to volunteers without CP history, and 2 volunteers 

lost the implant. These data showed that volunteers with CP 

have 23 times higher chance of developing complications in 

mucosae and bone around implant, consolidating CP as a risk 

factor for peri-implantitis development. 
 

Different mediators have been identified in the process 

of periodontal bone destruction, including arachidonic acid 

metabolites, cytokines, and nitric oxide (22). The pro-

inflammatory cytokines, prostaglandin E2 (PGE2), IL-1b, IL-

6, and TNF-a, together with a number of other mediators of 

bone metabolism (TGF-b, PTH, 1,25-dihydroxyvitamin D3, 

glucocorticoids and estrogen), exert their effects on 

osteoclastogenesis by regulating osteoblastic/stromal cell 

production of OPG and RANKL (23). 

 

Previous studies related that the change in the 

levels of RANKL play a major role in the bone loss 

observed in periodontitis (24,25). An increased 

concentration of RANKL and a decrease of OPG has 

been detected in gingival crevicular fluid (26) and 

gingival tissues (24,26,27) from volunteers with 

periodontitis. Similarly, high RANKL/OPG levels were 

associated with peri-implant tissue destruction (11). 

Rakic et al. (12) emphasized the role of RANKL and 

OPG as prognostic biomarkers in peri-implantitis, 

 

 

suggesting that expressions of osteoclastogenesis related 

factors may play an important role in the onset and severity of 

the peri-implantitis.  
Our study tried crossing two diseases with similar 

etiology and immunologic pattern, chronic periodontitis 

and peri-implant disease, specifically mucositis, based 

on the biology of the osteoclastogenesis system and the 

possible early etiology of peri-implant disease. 

Multivariate analysis affirmed CP to be associated with 

higher RANKL/ OPG expression and a predictive factor 

for peri-implant mucosae inflammation. 
 

In order to ensure the OPG and RANKL effect on 

harmful peri-implant healing and implant loss, we performed 

Western Blot and immunohistochemical analyses. The 
   

Group 
Uneventful Harmful 

p value Odds ratio (CI) 
healing healing    

Control 
24 2 

  
(n=26)   

   

22.29 
Chronic 

  

<0.0001 
7 13 

(4.02-123.25) 
periodontitis   

(n=20)      

 

L
.  

Table 3. Peri-implant status  
 

Peri-implant status 
Total (n= 46) Control (n= 26) Chronic periodontitis (n= 20) 

p value Odds ratio (CI) 
     

n (%) n (%) n (%)     
         

Spontaneous bleeding  0  0 0 ---   

Bleeding on probing 15 (32.6) 2 (7.7) 13 (65) <0.0001  --- 

Red mucosae 15 (32.6) 2 (7.7) 13 (65) 0.0001 37.5 (4.19-335.038-78.31) 

Edema 7 (15.2) 1(3.8) 6 (30) 0.004 RR 2.85 (1.87-4.35) 

Pus 1(2.1)  0 1 (5) 0.43 RR 2.36 (1.68-3.33) 

Mobility (presence) 2(4.3)  0 2 (10) 0.18 RR 2.44 (1.713-3.48) 

Implant region         

  Superior 30 (65.2) 17(65.3) 13 (65) 

0.77 0.99 (0.28-3.34) 
  Inferior 16 (34.8) 9 (34.7) 7 (35)    

Implant-platform type         

  EH 6 (13) 3 (11.5) 3 (15) 0.36   

  IH 4 (8.7) 1 (3.8) 3 (15)    

  MC 36 (78.3) 22 (84.7) 14 (70)    

Screw exposure 2 (4.3) 1 (3.8) 1(5) 0.68 1.31 (0.07-22.41) 

Peri-implant plaque 1 (2.1)  0 1 (5) 0.43 RR 2.36 (1.68-3.33) 

Implant loss 2 (4.3)  0 2 (10) 0.18 RR 2.44 (1.71-3.48)  
 
CI: confidence interval; RR: Relative risk; External Hexagon (HE) Internal Hexagon (IH) Morse Cone (MC). 
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Figure 1. Messenger RNA expression levels of RANKL and OPG 

genes in mucosae samples. Values represent the relative expression as 

determined by 2-∆∆CT. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2. RANKL/OPG protein expression in Western Blot analysis 

from eight volunteers. Note marked expression of RANKL and down-

expression of OPG in CP volunteers (Columns 1-3).  
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Figure 3. Immunohistochemical staining for RANKL and OPG (brown staining) showed marked difference between peri-implant mucosae from 

control and CP volunteers. 
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 exploration of the molecular mechanism of early peri- 

 implant failure was consistent with RANKL/OPG gene 

 expression levels.  RANKL protein was overexpressed in 

 tissues from volunteers with CP history even without disease 

 activity. These results corroborate with previous findings 

 (11,12,28), indicating that peri-implant complications 

 and implant loss could be a genetic factor, and that the 

 molecular mechanism of bone resorption can be active in 

 volunteers with CP history. 

 Despite the fact that significant statistical difference 

 was not found, some important variables that could 

 influence in such results, in our research, is the difference 

 between crestal and subcrestal implant placement, the 

 implant position and the early implant exposure. In addition, 

 gingiva samples were not collected at the baseline, during 

 implant placement, becoming impossible determining the 

 relationship between baseline levels of RANKL/OPG and its 

 level after implant exposure. 

 This is the first study obtaining supporting evidence 

 for an association between the occurrence of peri- 

 implant mucosae inflammation and history of chronic 

 periodontitis, considering the biologic interaction in 

 the osteoclastogenesis system. Even without active 

a
l.

 

periodontitis, volunteers with a history of CP had elevated 

et
 

tissue levels of RANKL/OPG and higher correlation with 

C
o

st
a

 

peri-implant mucosae inflammation and implant loss, 

C
. showing that the destructive pattern remains in the 

L
. 

mucosa and bone of these risk volunteers. Therefore,  

 RANKL/OPG correlation may have a potential value as 

 a biomarker for early complications in the peri-implant 

 tissue. Overall, we encourage future studies to identify 

 volunteers at an increased risk for peri-implantitis. A 

 detailed analysis of osteoclastogenesis and inflammatory 

 biomarker mechanisms and their consequences should 

 also be studied, and, in the long term, their effects on the 

 osseointegration process. 

 

Resumo  
A história de periodontite crônica (CP) é um fator de risco para falhas na 

osseointegração. O sistema de osteoclastogênese (RANK, RANKL e OPG) é 

crucial para o controle da homeostase óssea. O objetivo deste estudo foi 

investigar os níveis de OPG e RANKL no tecido peri-implantar de voluntários 

com e sem histórico de CP e sua associação com inflamação da mucosa. 

Este é um estudo tipo caso-controle. O exame para diagnóstico de CP e na 

região peri-implantar foi realizado em 46 voluntários, divididos em controle 

(sem história CP, n=26) e grupo CP (com histórico de CP, n=20). Descartes 

gengivais foram obtidos durante a exposição do implante. PCR quantitativo 

avaliou a expressão do RNAm de OPG/ RANKL. As proteínas OPG e RANKL 

foram analisadas por western blot e imunohistoquímica. O teste do qui-

quadrado analisou a significância entre as variáveis nominais enquanto as 

variáveis contínuas foram analisadas pelo teste-t e Mann-Whitney, após o 

teste de Shapiro-wilk. O método do Livak 2--ΔΔCT avaliou a expressão 

gênica. Os voluntários com CP apresentaram 23 vezes mais chances de 

desenvolver inflamação da mucosa. Expressão elevada no RNAm de RANKL 

(p=0.04) e RANKL/ OPG (p=0.001) foram observadas no grupo CP. 

Voluntários com CP 

8 

 

 
mostraram aumento dos níveis da proteína RANKL em contraste com 

diminuída expressão de OPG. Mesmo sem periodontite ativa, voluntários com 

histórico de CP apresentaram elevado nível gengival de RANKL/OPG e alta 

correlação com inflamação peri-implantar e perda do implante. 

 

References 
III) 1. Zaidi M. Skeletal remodeling in health and disease. Nature 

Med 2007;13:791-801. 

JJJ) 2. Parithimarkalaignan S, Padmanabhan TV. Osseointegration: 

An upadate. J Indian Protsthodontic Soc 2013;13:2-6. 

KKK) 3. Casado PL, Pereira MC, Duarte MEL, 

Granjeiro JM. History of chronic periodontitis is a high risk 

factor for peri-implant disease. Braz Dent J 2013;24:134-141.  
LLL) 4. Renvert S, Quirynen M. Rosk indicators for peri-implantitis. 

A narrative review. Clin Oral Impla Res 2015;26:15-44. 

MMM) 5. Giannopoulou C, Martinelli-Klay CP, Lombardi T. 

Immunohistochemical expression of RANKL, RANK and OPG in gingival 

tissue of patients with periodontitis. Acta Odontol Scand 2012;70:629-

734. 

NNN) 6. Chen B, Wu W, Sun W, Zhang Q, Yan F, 

Xiao Y. RANKL expression in periodontal disease: Where 

does RANKL come from? BioMed Res Int 2014;2014:731039.  
OOO) 7. Dutzan N, Gamonal J, Silva A, Sanz M, Vernal 

R. Over-expression of forkhead box P3 and its association with 

receptor activator of nuclear factor-kappa B ligand, interleukin (IL) -

17, IL-10 and transforming growth factor-beta during the 

progression of chronic periodontitis. J Clin Periodontol 

2009;36:396-403. 
 
PPP) 8. Cochran DL. Inflammation and bone loss in 

periodontal disease. J Periodontol 2008;79:1569-1576. 

QQQ) 9.   Bartold PM, Cantley MD, Haynes DR. 

Mechanisms and control of pathologic bone loss in periodontitis. 

Periodontol 2000 2010;53:55-69. 

 Kadkhodazadeh M, Ebadian AR, Gholami GA, Khosravi A, 

Tabari ZA. Analysis of RANKL gene polymorphism (rs9533156 

and rs2277438) in Iranian patients with chronic periodontitis 

and periimplantitis. Arch Oral Biol 2013;58: 530-536.  
 Duarte PM, de Mendonça AC, Máximo MB, Santos VR, Bastos MF, 

Nociti Júnior FH. Differential cytokine expressions affect the severity of 

peri-implant disease. Clin Oral Implant Res 2009;20:514-520. 

 Rakic M, Struillou X, Petkovic-Curcin A, Matic S, Canullo L, 

Sanz M, et al.. Estimation of bone loss biomarkers as a 

diagnostic tool for peri-Implantitis. J Periodontol 2014;30:1-12.  
 Lang NP, Berglundh T. Periimplant diseases: where are we 

now? Consensus of the seventh European workshop on 

periodontology. J Clin Periodontol 2011;38:178-181.  
 Ata-Ali J, Ata-Ali F, Bagan L. A classification proposal for peri-

implant mucositis and peri-implantitis: a critical update. Open 

Dent J 2015;9:393-395.  
 Adell R, Lekholm U, Rockler B, Brånemark PI. A 15-year study 

of osseointegrated implants in the treatment of edentulous jaw. 

Int J Oral Maxillofac Surg 1981;10:387-416.  
 Armitage GC. Periodontal diagnoses and classification of 

periodontal diseases. Periodontol 2000 2004;34:9-21. 

 Albrektsson TO, Johansson CB, Sennerby L. Biological aspects of 

implant dentistry: osseointegration. Periodontol 2000 1994;4:58-73. 

 Bustin SA, Benes V, Garson JA, Hellemans J, Huggett J, Kubista M, et 

al.. The MIQE guidelines: minimum information for publication of 

quantitative real-time PCR experiments. Clin Chem 2009;55:611-622. 

 Bradford, MM, Rapid and sensitive method for the quantitation 

of microgram quantities of protein utilizing the principle of 

protein-dye binding. Analytical Biochemistry 1976:72,248-254.  
 Casado PL, Canullo L, Filardy AA, Granjeiro JM, Barboza EP, 

Duarte MEL. Intreleukins 1B and 10 expressions in the 

periimplant crevicular fluid from patients with untreated 

periimplant disease. Implant Dent 2013;22:1-8.  
 Roos-Jansaker AM, Renvert S, Egelberg J. Treatment of peri-implant 

infections: a literature review. J Clin Periodontol 2003;30:467-485. 

 Graves D. Cytokines that promote periodontal tissue 

destruction. J Periodontol 2008;79:1585-1591. 

 Saika M, Inoue D, Kido S, Matsumoto T. 17beta-estradiol stimulates 



 100 

 
 

 
expression of osteoprotegerin by a mouse stromal cell line, ST-2, 

via estrogen receptor-alpha. Endocrinology 2001;142:2205-2212.  
(1) Crotti T, Smith MD, Hirsch R, Soukoulis S, Weedon H, Capone 

M, et al.. Receptor activator NF kappaB ligand (RANKL) and 

osteoprotegerin (OPG) protein expression in periodontitis. J 

Periodontal Res 2003;38:380-387.  
(2) Garlet G P, Martins W Jr, Fonseca BA, Ferreira BR, Silva JS. 

Matrix metalloproteinases, their physiological inhibitors and 

osteoclast factors are differentially regulated by the cytokine profile 

in human periodontal. J Clin Periodontol 2004;31:671-679. 
 
(3) Bostanci N, Ilgenli T, Emingil G, Afacan B, Han B, Töz H, et al.. 

Differential expression of receptor activator of nuclear factor- 

Braz Dent J 29(1) 2018 

 
kappaB ligand and osteoprotegerin mRNA in periodontal 

diseases. J Periodontol Res 2007;42:287-293.  
a Belibasakis GN, Meier A, Guggenheim B, Bostanci N. The RANKL-

OPG system is differentially regulated by supragingival and 

subgingival biofilm supernatants. Cytokine 2011;55:98-103. 

b Kinane DF, Preshaw P M, Loos B G. Host-response: understanding 

the cellular and molecular mechanisms of host-microbial 

interactions-consensus of the Seventh European Workshop on 

Periodontology. J Clin Periodontol 2011;38:44-48. 

 
Received March 22, 207  
Accepted July 23, 2017 



 101 

 

ANEXO 3 – ARTIGOS PUBLICADOS 

 

 

Artigo  publicado no periódico “Journal of Oral Rehabilitation” (2017) 44: 9-15 
(http://onlinelibrary.wiley.com/doi/10.1111/joor.2017.44.issue-1/issuetoc) 

 
 
 
 

J o u r n a l o f Oral Rehabilitation   
 
Journal of Oral Rehabilitation 2017 44; 9–15 

 
Association between temporomandibular disorders and pain 
in other regions of the body 
 
L .  L .  B O N A T O * † ,  V .  Q U I N E L A T O † ,  P .  C .  D E  F E L I P E  C O R D E I R O † 

,  E .  B .  D E S O U S A ‡ § , R . T E S C H ¶ * * † † & P . L . C A S A D O ‡ ‡ *TMD and Orofacial Pain, School of 

Medicine of Petropolis, Rio de Janeiro, RJ, †Department of Dentistry, Fluminense Federal University, Niteroi, RJ, ‡Program of Cell and 

Developmental Biology, Institute of Biomedical Sciences, Rio de Janeiro Federal University, Rio de Janeiro, RJ, §Research Division, National 

Institute of Traumatol-ogy and Orthopedics Jamil Haddad, Rio de Janeiro, RJ, ¶School of Medicine of Petropo-lis, Metropolis, RJ, **Brazilian 

Dental Association – Petropolis and Duque de Caxias, Rio de Janeiro, RJ, Brazil, ††Pontificia Universi-dad Catolica Madre y Maestra, Santo 

Domingo, Dominican Republic and ‡‡Periodontology Department, Fluminense Federal University, Niteroi, RJ, Brazil   
 

http://onlinelibrary.wiley.com/doi/10.1111/joor.2017.44.issue-1/issuetoc


 102 

 
 
 
 

 
SUMMARY The pain from temporomandibular disorder (TMD) is 

often associated with physical symptoms of other chronic pain 

disorders and comorbidities, such as generalised muscle and joint 

pain. However, this association is not widely studied. To evaluate 

the prevalence of comorbid pain in joints, specifically in the knees, 

hips, ankles, shoulders, wrists and elbows, in individuals with and 

without TMD. We evaluated 337 patients from a public hospital in 

the city of Rio de Janeiro, Brazil. The Research Diagnostic Criteria 

for TMD questionnaire were used for the diagnosis of TMD. To 

assess the presence of other joint pain, the patients were asked to 

answer questions considering: the presence of pain in the knee, hip, 

ankle, shoulder, wrist and elbow joints and time duration of pain. 

Individuals with TMD are 5 5 times more likely to present with 

other joint pain 
 

 
 
 
 

 
compared with those without the disorder. TMD muscle 

disorders were most associated with a higher number of pain at 

the other locations. There was a significant association between 

the presence of pain at the other locations, muscle (P < 0 001) 

and joint disorders (P = <0 001), as well as age advance, in 

TMD participants, showed to be a covariate factor for pain at 

the other locations. Individuals with TMD showed a high 

prevalence of pain in other joints of the body when compared 

with individuals without the disorder, and knee pain was the 

most prevalent pain complaint. 

 

 
KEYWORDS: temporomandibular joint disorders, facial pain, 

arthralgia, myalgia, central nervous system sensitisation, 

comorbidity 
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Introduction 
 
Temporomandibular disorders (TMD) are charac-terised by 

painful and/or dysfunctional changes involving the 

masticatory muscles and temporo-mandibular joints (TMJ) 

(1), and collectively, they are considered the most common 

cause of chronic pain in the oro-facial region. According to 

the National Institute of Dental and Craniofacial Research 

(NIDCR), 5–12% of the US population suffer or have 

suffered from problems related to TMD (2). 

 
 
 
 
 

The pain from temporomandibular disorder (TMD) is 

often associated with physical symptoms of other chronic 

pain disorders and comorbidities, such as gen-eralised 

muscle and joint pain (3). In the past, the diagnosis of 

individuals with multiple pain complaints was 

underestimated and the presence of diffuse pain conditions 

was attributed to psychological or unreal factors (4). 

Currently, it is believed that multiple and persistent pain 

complaints can be associated with changes in the peripheral 

and central nervous system (5). Genetic factors, such as 

polymorphisms in COMT 

 
© 2016 John Wiley & Sons Ltd doi: 10.1111/joor.12457 
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– catechol-O-methyltransferase – and ADRB2 – beta-2 

adrenoceptor genes, may be responsible for hypersen-sitivity 

to experimental pain in at least 50% of the cases studied. 

These same factors may make individu-als more susceptible 

to developing chronic pain throughout life (6). However, 

other predisposing sys-temic conditions involving genetic 

aspects, not directly related to central neurotransmission of 

pain, may be present and should be considered. 

 

It should be noted, though, that individuals are not equally 

susceptible to joint disorders and different genetic variants 

can increase predisposition to particu-lar development (7). 

Joint pathologies may be related to systemic manifestation 

of autoimmune diseases (8), hormonal changes (9) or tissue 

metabolism (10). The presence of such conditions might 

justify the develop-ment of painful and/or degenerative 

changes in differ-ent joints and simultaneously (9). 

 

There is a genetic and clinical basis for the comor-bid 

development of TMD and the presence of others arthralgia. 

Our hypothesis is that the association between both diseases 

is not random. Therefore, the aim of this study was to 

evaluate the prevalence of comorbid pain in joints, 

specifically in the knees, hips, ankles, shoulders, wrists and 

elbows, in individuals with and without TMD. 

 
 
 

Materials and method 
 

This is a descriptive case–control study, approved on 3 

December 2013 by the Research Ethics Committee of the 

Jamil Haddad National Institute of Traumatology and 

Orthopedics (INTO), under protocol number 477.594. Free 

and informed consent was obtained from participants in 

writing prior to conducting the research. The 

recommendations from Strengthening the Reporting of 

Observational Studies in Epidemiol-ogy (STROBE) were 

followed for the study’s design and development (11). 

 
We selected randomly three hundred and thirty-seven 

individuals, who were companions of patients seeking 

hospital care in INTO, with ages between 21 and 65 years 

and no history of macro-trauma in the TMJ region and/ or 

knee, hip, ankle, shoulder, wrist and elbow joints. The 

recruitment period was 2 years by a single blinded exami-

nator. The exclusion criteria were as follows: diagnosis of 

rheumatoid arthritis, systemic erythematosus lupus, 

fibromyalgia, other systemic joint diseases and/or previ-ous 

treatment for TMD. 

 
 
 

The study methodology was divided into two stages: 
 
 
 
Step 1 – Clinical diagnosis of TMD: 
 
All participants were examined clinically by the same 

evaluator, using the Research Diagnostic Criteria for 

Temporomandibular Disorders (RDC/TMD) – Axis I (12), 

the tool validated for the physical diagnosis of TMD, and 

that allows classification of participants into some of the 

following diagnostic subgroups: (i) no TMD; (ii) painful 

muscle disorders; (iii) joint disc posi-tion changes; and (iv) 

painful and/or degenerative TMJ conditions (Table 1). This 

process occurs in a manner that is not mutually exclusive, 

allowing each participant to belong to more than one 

diagnosis sub-group. The RDC/TMD was administered in 

all patients by a single trained examiner (author L.L.B). 

 
It is noteworthy that the joint diagnoses (subgroups 2 and 

3) were grouped to form a single group called ‘joint 

disorders’. Thus, three groups were formed: (i) control 

(absence of TMD diagnosis); (ii) muscle disor-ders; and (iii) 

joint disorders. 

 
 
Step 2 – Evaluation of the presence and duration of 

other arthralgias: 
 
During this stage, each participant answered an orally 

presented questionnaire, considering the presence of pain in 

the knee, hip, ankle, shoulder, wrist and elbow joints. The 

questions referred involving each of the joints were as 

follows: (i) Do you have joint pain? 
 
RRR) What is the frequency of pain episodes? 

(iii) How long have you had the pain (which may vary in 

days, months or years) and (iv) What is the affected side? 

The questionnaire was administered exclusively by a second 

examiner (author V.Q.), who had no prior knowledge of the 

presence or absence of TMD in the participants assessed. 

 

 
Table 1. Diagnostic criteria of the RDC/TMD  
 
Diagnostic subgroups Description 
  

No TMD Individuals who did not have TMD 

Subgroup 1 Painful muscle disorders 

Subgroup 2 Temporomandibular joint disc 

 Displacement 

Subgroup 3 Painful and/or degenerative TMJ 

 Conditions 
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Data processing and statistical analysis were per-formed 

using STATA 12.0.* The sample size included the 

spontaneous demand of patients and companions at the 

National Institute of Traumatology and Ortho-pedics, over 2 

years, respecting the inclusion criteria. This calculation was 

designed to detect a risk factor that reached 40% of the 

sample, with alpha of 5% and 90% power. To verify normal 

distribution of the numerical variables, the Shapiro–Wilk 

test was used, followed by analysis of variance with the 

Student’s t-test and Mann–Whitney test, for normal and non-

normal distributions, respectively. Differences in the 

frequency between groups were analysed using the chi-

square test. Values of P < 0 05 were considered statistically 

significant, and the risks associated with comorbid presence 

of joint pain were calculated by the odds ratio (OR), with a 

95% confidence interval (CI). 

 
 
 
 
Results 
 
A total of 337 individuals, 231 women (68 5%) and 106 men 

(31 5%), participated in the study, of which 165 (48 9%) 

were diagnosed with TMD (mean age of 40 3 16 3 years) 

and 172 (51 1%) were controls (without TMD) (mean age of 

38 2 14 4 years). 
 

Among the individuals diagnosed with TMD, 90 9% (n = 

150) (124 women and 26 men) presented pain at other 

locations, while just 64 5% (n = 111) of par-ticipants (67 

women and 44 men) in the control group presented pain at 

other locations. The group of individuals with TMD, but 

who did not had pain at other locations, consisted of eight 

women and seven men. The totally asymptomatic group was 

composed by 32 women and 29 men. 

 
The chi-square test showed a highly significant rela-

tionship between TMD and other joint pain (P = <0 0001). 

Patients with TMD were 5 5 times more likely to present 

pain at other locations than the controls (Table 2). 

 
Considering the number of painful joints, we observed 

that in the TMD group the mean for painful joints was 3 1 1 

8 other than the TMJ, while the mean was 2 0 1 4 in the 

control group. The Pear-son correlation test showed a 

tendency (r = 0 28; P > 0 05) that the number of individuals 

increased in 

 

 
*Stata Corp., College Station, TX, USA 

 
 
Table 2. Assessment of the association between the presence of TMD 

and pain other joints  
 
  Without other With other 

 Total arthralgias arthralgias 

Parameters (n = 337) (n = 76) (n = 261) 
      

TMD 

172 (51 1%) 

 

(18 1%) 111 (32 9%) Absent 61 

Present 165 (48 9%) 15 (4 5%) 150 (44 5%)   
P-value = <0 0001; Odds ratio = 5 49; 95% CI = 2 96–10 17. 

 
 
the TMD group as the number of affected painful joints 

increased, contrary to what occurred in the control group 

(Fig. 1). 
 

As for the age factor, the age group with the highest 

prevalence of pain in other joints other than the TMJ in the 

control group was 21 and 30 years (n = 42; 37 8%). In the 

group with TMD diagnosis, individuals between 51 and 60 

years of age were those who reported more sites of painful 

joints (Fig. 2). 
 

The assessment of patients with TMD according to the 

diagnostic subgroup showed that 52 (31 5%) patients 

presented painful muscle disorders, 25 (15 1%) joint 

disorders, whereas 88 (53 3%) pre-sented dual diagnoses. Of 

these, respectively, 48, 22 and 80 individuals reported pain 

in other joints. Regarding the average number of joints 

affected in each group, the values were 3 03 1 89 (muscle 

dis-orders), 2 48 1 66 (joint disorders) and 2 33 1 42 

(multiple diagnoses), respectively. 

 
The ANOVA test was used to evaluate the significance of the 

association between the presence of pain in other joints other 

than the TMJ and previous diag-noses of muscular or 

articular TMD. We observed a significant association 

between the presence of muscle disorders and the presence 

of pain in other joints (P < 0 001) as well as between the 

presence of pain at the other locations and diagnosis of 

articular TMD (P < 0 001). We found no statistical 

differences between the muscle and joint groups (P = 0 24). 

 
As for the duration of pain in other joints other than the 

TMJ, a mean of 4 8 1 01 years was found in the group with 

muscle disorders, 3 01 0 7 years in the group with joint 

disorders, 3 7 1 02 years in the group with multiple 

diagnoses and 2 01  
1 3 years in the control group. 
 

Table 3 shows the most frequent joints affected by pain in 

the volunteers assessed. It is noteworthy that knee pain was 

the most prevalent in all groups. 
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Fig. 1. Number of other painful joints besides temporomandibular joints.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 2. Prevalence of reported joint pain according to age. 
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Table 3. Prevalence of pain in different joints other than the TMJ 

according to the RDC/TMD diagnostic groups  
 
 Without With muscle TMJ Multiple 

 TMD diagnoses diagnoses diagnoses 

SITE (n = 111) (n = 48) (n = 22) (n = 80) 
          

Knee 71 (63 9%) 30 (62 5%) 14 (63 6%) 64 (80%)  
Hip 12 (10 8%) 6 (12 5%) 3 (13 6%) 12 (15%)  

Ankle 6 (5 40%) 3 (6 2%) 1 (4 5%) 3 (3 75%) 

Shoulder 13 (11 7%) 3 (6 2%) 2 (9%) 5 (6 2%) 

Wrist 9 (8 1%) 3 (6 2%) 0 (0%) 1 (1 25%) 

Elbow 3 (2 7%) 0 (0%) 1 (4 5%) 0 (0%)   
 

 
Through ANOVA test, considering the three main groups 

(control, muscular TMD and articular TMD) and the gender 

and age factors, age progression proved to be a positively 

associated with the presence of other joint pains in all groups 

with high statistical significance (P < 0 001). Similarly, once 

having TMD, regardless if it is muscular or articular, 

individuals show greater risk to have pain in other joints in 

the body (P < 0 001). 

 
 
 
Discussion 
 
Although in most cases, the symptoms of TMD are simple 

and transient, about 10% of patients develop severe changes 

associated with the presence of chronic pain (13), which may 

involve, in addition to the oro-facial region, other areas of 

the body causing neck pain, back pain, besides 

temporomandibular joint pain (14). The realisation that 

chronic pain is ‘a disease in itself’ explains the analysis of 

how other painful conditions relate to the distribution of 

TMD symptoms (15). Therefore, the aim of this study was to 

evaluate the prevalence of comorbid pain in joints, in 

individuals with and without TMD. The results showed that 

individuals with TMD are 5 5 times more likely to present 

other joint pain than individuals without TMD. 

 

 
Temporomandibular disorder, as well as other chronic 

pain syndromes, is painful states that are cap-able of 

sensitising the central nervous system, causing hyperalgesia 

and diffuse allodynia (4, 6). Additionally, characteristics 

such as gender (women), genetic sus-ceptibility, personal or 

family history of chronic pain and history of other centrally 

mediated symptoms (such as insomnia, fatigue, memory and 

mood disor-ders) are more frequent in individuals with 

chronic 

 
 
pain. The presence of these characteristics has a pre-dictive 

value in identifying individuals with a higher probability of 

transition from acute to chronic pain (6). 

 
A prospective longitudinal study followed a cohort of 

2737 adults for three years, with ages from 18 to  
1. years with no history of TMD in an attempt to deter-mine 

the risk factors for the development of TMD. Approximately 

20% of the volunteers, mostly women, developed symptoms 

related to this disorder. After ana-lysing the individual 

medical history, it was found that the incidence of TMD was 

strongly associated with the presence of other body pain, 

especially lower back and genital pain as well as other non-

specific conditions such as depression and sleep apnoea (15). 

 

Similarly, in another study assessing the comorbid 

prevalence of TMD and other pain complaints, of the 
 
15. 977 adults assessed, 83% of individuals diagnosed with 

TMD reported feeling other body pains, and 
 
62 4% reported pain and/or stiffness in other joints, 

predominantly women (16). In our study, we observed that 

the comorbid presence of pain at the 
 
other locations was present in 90 9% of patients with TMD, 

of which 82 5% were women. It is noteworthy that despite 

the control group also showing a high 
 
prevalence of painful joints (64 5%), the number of 

individuals in the TMD group increased as the num-ber of 

painful joints affected by TMJ increased, con-trary to what 

occurred in the control group. 
 

The presence of generalised pain showed to be asso-ciated 

with the concomitant presence of local mastica-tory muscle 

pain (17), as well as the increase in intensity, duration and 

related disability (13). In the present study, individuals with 

muscular diagnosis, as well as those with dual diagnoses, 

presented more pain in other joints of the body and reports of 

longer pain duration than those diagnosed with exclusive 

articular diagnosis, corroborating the hypothesis of the 

strong influence of central sensitisation phenom-ena in 

subjects with muscular TMD (3) on the devel-opment of 

other chronic pain such as those present in other body joints. 

It is believed that this diagnosis is more prevalent in women 

between 20 and 40 years, corroborating the present study, 

where the age group with the highest prevalence of pain in 

other joints other than the TMJ in the control group was 21 

and 

 

26. years (n = 42; 37 8%). 
 

The high prevalence of knee pain in the groups studied, 

both with muscular (57 6%) and articular 
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(56%) diagnosis, was also the subject of a previous study. 

The role of central sensitisation in the develop-ment and 

perpetuation of pain was assessed in patients with knee 

osteoarthritis. Through algometry pressure, the pain 

thresholds were much lower than those present in controls 

without the disease (18). 
 

However, it should be noted that this study has limita-

tions. As this is a cross-sectional design, it was not possible 

to assess which of the pain at the other locations pre-sented 

by the participants had a primary source, making it 

impossible to determine the cause and effect relation-ship. 

The participants were self-selected, at least to some degree, 

as the individuals sought treatment at the hospital where the 

study was being conducted. In addition, the participants 

were predominantly women and mean age 
 

of 50 3 11 3 years, which does not represent the usual age 

group seeking treatment for TMD. 
 

Thus, the importance of multidisciplinary approaches in 

patients with multiple painful com-plaints is evident. 

However, further studies need to investigate the mechanism 

underlying this pattern of comorbidity. Recognising these 

mechanisms may facil-itate the development of more 

comprehensive treat-ment protocols, identification of 

patients at risk and preservation protocols. 

 
 
 

Conclusion 
 

Individuals with TMD showed a high prevalence of pain in 

other joints of the body when compared to individuals 

without the disorder, and knee pain was the most prevalent 

pain complaint. 
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Haplotypes of the RANK and 

OPG genes are associated 

with chronic arthralgia in 

individuals with and without 

temporomandibular disorders 
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Abstract. The aim of this study was to evaluate the association between genetic 

polymorphisms and the comorbid presence of chronic systemic arthralgia in patients 

with articular temporomandibular disorders (TMD). Subjects were evaluated for the 

presence of TMD and asked about the presence of chronic joint pain. Four groups 

were included in the study: articular TMD and systemic arthralgia (n = 85), no 

articular TMD and systemic arthralgia (n = 82), articular TMD and no systemic 

arthralgia (n = 21), no articular TMD and no systemic arthralgia (control, n = 72). A 

total of 14 single nucleotide polymorphisms in the OPG, RANK, and RANKL genes 

were investigated. In the statistical analysis, a P-value of <0.05 was considered 

significant. For the OPG gene, an association was observed between the group with 

chronic arthralgia and joint TMD and the control group (P = 0.04). There was also a 

tendency towards an association of the haplotype CGCCAA with an increased risk of 

developing chronic joint pain, even in the absence of TMD (P = 0.06). For the RANK 

gene, the AGTGC haplotype was associated with the lowest risk of presenting chronic 

joint pain in individuals without TMD (P = 0.03). This study supports the hypothesis 

that changes in the OPG and RANK genes influence the presence of chronic joint pain 

in individuals with and without TMD.  
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Osteoarthritis (OA) of the temporoman-
dibular joint (TMJ) is a degenerative dis-
ease characterized by low intensity 

inflammation
1
, which generally begins 

with synovitis and progressive cartilage 

 
 

 

degradation, with subsequent remodelling 
of the subchondral bone. This usually 
leads to limited mandibular function and 

chronic pain
2
. Although the degradation of 

articular cartilage is one of the main char- 

 
 

 

acteristics of OA, the precise mechanism 

remains unknown
3
.  

Recent studies have reported that dam-
age to the subchondral bone in hyaline 
cartilage joints, resulting from changes in 
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the induction, proliferation, and metabo- athletes (rs3018362 (RANK)   and 

lism of osteoblasts and osteoclasts, may be rs1021188 (RANKL))
13

, and alterations 
responsible for the onset and progression in remodelling, bone fractures, and bone 
of cartilage degeneration

3,4
. During the mineral density in pre- and post-meno- 

OA process, the subchondral bone under- pausal women
14,15

.     
goes metabolic and structural alterations, It is estimated that approximately 50% 
which lead to microfractures, angiogene- of temporomandibular OA cases are relat- 

sis, and subsequently to reactive bone ed to genetic polymorphisms involving the 
sclerosis.  Histologically, the tidemark genes related to the metabolism of chon- 

(line that divides the calcified and uncal- drocytes, osteoblasts, and osteoclasts
16

. 
cified cartilage) is duplicated, and there is However, to date, no controlled studies 

penetration of new blood vessels into the have evaluated genetic alterations in the 
calcified cartilage and an increase in sub- osteoclastogenesis system in individuals 

chondral bone thickness
5,6

. Such changes with TMJ disorders (TMD).  
affect  the  biomechanical  properties  of It is believed that the development of 

overlying articular cartilage and its bio- OA, both in the TMJ and in other joints 
logical relationship with the subchondral in the body, does not occur randomly. 

bone
6,7

.     The hypothesis raised in this study was 
These distinct responses to the OA pro- that  there  is  a  genetic  basis  for  the 

cess are influenced by the expression of comorbid clinical development of both 

different genes
6–8

 that are responsible for conditions.  The  presence  of  polymor- 
the control of communication between phisms   in   genes   associated   with 

osteoblasts and osteoclasts, fundamental osteoblast and chondroblast metabolism 
to the balance and maintenance of joint could be related to the development of 

structure and function
9
. The key signalling joint disease. Thus, the aim of this study 

pathway that directly influences this com- was to determine the possible 

munication involves molecular receptors association between polymorphisms in 

such as receptor activator of nuclear factor the  RANK,  RANKL,  and  OPG  genes, 

kappa B (RANK), its ligand (RANKL), and the combined presence of chronic 

and osteoprotegerin (OPG), more formally systemic arthralgia in individuals with 

known as tumour necrosis factor receptor TMD.       
superfamily member  11 B        

(TNFRSF11B)
9
.           

In a study by Wakita et al., a marked 
Materials and methods 

  

decrease in the concentration of OPG was 
  

       

detected in the synovial fluid of patients This was a descriptive, cross-sectional, 

with internal derangements of the TMJ
10

. randomized study, approved on May 30, 
Treatment of the synovial fluid in patients 2013 by the Research Ethics Committee of 

with temporomandibular OA resulted in University Salty Olive   Universe. Free 
an elevated production of cells with oste- and informed consent was obtained from 

oclastic characteristics from the mononu- participants in writing prior to conducting 

clear cells in vitro. The addition of anti- the research. The recommendations of the 

RANKL immunoglobulin or OPG attenu- Strengthening the Reporting of Observa- 

ated osteoclast formation induced by this tional  Studies in Epidemiology 

means, suggesting that an increase in the (STROBE) statement were followed dur- 
RANKL to OPG ratio in the articular ing the design and development of the 

microenvironment has the potential to in- study
17

.      
duce osteoclastogenesis in the TMJ. In The study included individuals attend- 

another study, the induction of psycholog- ing Fluminense Federal University   ei- 
ical stress and abnormal mechanical artic- ther  patients  seeking  care  or  their 

ular overload in animal specimens resulted companions. All participants had to be 
in subchondral bone loss in the mandibular between 18 and 65 years of age, with no 

condyles
4
. The pathophysiology of this history of macrotrauma to the TMJ and/or 

process was found to involve an increase the knee, hip, ankle, shoulder, wrist, and 

in the secretion of RANKL by adult mes- elbow  joints.  The  individuals  were 

enchymal cells from condylar bone mar- recruited at random over a period of 2 

row, thus exacerbating osteoclastic years  (2013–2015).  Exclusion  criteria 

activity.     were joint surgery, a diagnosis of rheuma- 

It has already been shown that polymor- toid arthritis, systemic lupus erythemato- 

phisms in regions of the regulatory genes sus,  fibromyalgia,  or  other  types  of 

of the RANK/RANKL/OPG receptors are systemic joint disease, and/or previous 
associated  with  joint  destruction  in treatment for TMD.    

patients  with  rheumatoid  arthritis
11,12 

The study methodology was divided 
stress fractures  of  the bones in  elite into three stages, as outlined below. 

 
 
Stage 1: clinical diagnosis of TMD 
 
All participants were examined clinically 
by the same evaluator using the Research 
Diagnostic Criteria for Temporomandibu-

lar Disorders (RDC/TMD)
18

, as described 

previously
19

. This process occurs in a 
manner that is not mutually exclusive, 
allowing each participant to belong to 
more than one diagnosis subgroup at the 
same time.  

The joint diagnoses (subgroups II and  
SSS) were combined to form 
a single group called ‘joint disorders’. 
Thus, two groups were formed: (1) control 
(no TMD diag-nosed); (2) patients with an 
articular type TMD. A single trained 

examiner (L.L.B.) used this tool for all 
patients. 
 
 
Stage 2: assessment of the presence and 
duration of other arthralgia 
 
In this stage, each participant completed a 
questionnaire considering the following:  
(4) the presence of pain in the knee, hip, 

ankle, shoulder, wrist, and/or elbow joints, 
and (2) the duration of the pain (days, 

months, or years). The questionnaire was 
administered exclusively by a second 

examiner (V.Q.), who had no prior knowl-
edge of the presence or absence of TMD in 

the participants being assessed. The pres-  
ence of arthralgia for more than 3 months 

was considered chronic
20,21

. 

According to the diagnosis of TMD and 

the diagnosis of other arthralgia, the study 

volunteers were again divided, this time 

into four groups: (1) those with articular 

TMD and chronic pain in other joints; (2) 
individuals without TMD and with chron-

ic systemic arthralgia; (3) individuals with 

articular TMD and without chronic sys-

temic arthralgia, and (4) individuals with-

out TMD or any type of joint pain (control 

group). 

 
Stage 3: genotyping 
 
Saliva samples were obtained from all 
participants and genomic DNA was 

extracted as described previously
22

. The 

concentration and purity of the DNA were 
analyzed using a NanoDrop spectropho-
tometer (Thermo Scientific, Wilmington, 
DE, USA). All samples had to present an 
A260 nm/A280 nm ratio greater than 

1.9
23

.  
Six single nucleotide polymorphisms 

(SNPs) in the OPG gene (rs11573919, 
rs11573875, rs11573854, rs11573838, 
rs11573817, and rs11573816), five in the 
RANK gene (rs474369, rs9498322, 

rs504762, rs6920383, and rs237033), and 
three in the RANKL gene (rs492956, 
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rs13215304, and rs12660731) were select-
ed, considering the linkage disequilibrium 
relationships and gene structure. These 
SNPs were identified previously and 
included in the National Center for Bio-
technology Information (NCBI) database 
(http://www.ncbi.nlm.nih.gov/SNP/), with 
the lowest allelic frequency having to be 
>0.12. All procedures followed the 
STREGA recommendations (Strengthen-
ing the REporting of Genetic Association 

studies)
24

.  
Data processing and the statistical anal-

ysis were performed using Stata 12.0 

(Stata Corp., College Station, TX, USA). 

The sample size was calculated on the 

basis of the spontaneous recruit-ment of 

patients and companions at Fluminense 

Federal University over a period of 2 

years, respecting the inclusion criteria. 

This calculation was designed to detect a 

risk factor that reached 40% of the sample, 

with alpha of 5% and 90% power. To 

verify a normal distribution of the 

numerical variables, the Shapiro–Wilk test 

was used, followed by analysis of variance 

(ANOVA) with the Student t-test and 

Mann–Whitney test for normal and non-

normal distributions, respectively. The x2
 

test was used to evaluate the significance 

of nominal variables between groups. 
 

Differences in the frequencies of geno-
types and alleles between the groups were 

analyzed using the x2
 test, after fitting for 

Hardy–Weinberg equilibrium. Values of P 
< 0.05 were considered statistically 
significant, and the risks associated with 
individual alleles and genotypes were cal-
culated as the odds ratio (OR) with the 
95% confidence interval (CI). To calculate 
linkage disequilibrium and haplotypes, the 
ARLEQUIN computer program was used 
(v.3.1; http://cmpg.unibe.ch/software/ 
arlequin3/). 
 
 
Results 
 
Clinical findings: prevalence of chronic 
arthralgia by age group 
 
From a total of 337 volunteers evaluated 
during the 2-year period, 260 were includ-
ed in the study. Of these, 85 had chronic 

 
arthralgia and concomitant articular TMD 

(52 women (61.2%) and 33 men (38.8%)), 

82 had chronic arthralgia but were without 

any TMD diagnosis (52 women (63.4%) 

and 30 men (36.6%)), and 21 had an 

articular TMD but were without chronic 

arthralgia (14 women (66.7%) and seven 

men (33.3%)). The control group com-

prised 72 individuals who were free of any 

joint symptoms and other TMD diagnoses 

(39 women (54.2%) and 33 men (45.8%)). 

 
Among the locations of reported ar-

thralgia, the knee was the most prevalent 
in both groups, followed by the hip and 
shoulder regions (Table 1). No statistically 
significant difference was found between 
the two groups studied (articular TMD vs. 
no TMD) in the prevalence of the sites 

affected by reported joint pain (x2
 test). 

 

 
Genetic association analysis 
 
The characteristics of the 14 polymor-
phisms studied in the OPG (rs11573919, 
rs11573875, rs11573854, rs11573838, 
rs11573817, and rs11573816), RANK  
(rs474369, rs9498322, rs504762, 

rs6920383, and rs237033), and RANKL 
(rs492956, rs13215304, and rs12660731) 

genes are presented in Table 2. The 
frequencies of the genotypes and alleles 

were adjusted for age, and are provided in 
Table 3.  

For the OPG gene, a significant associ-

ation was observed when comparing indi-

viduals with chronic arthralgia and 
articular TMD to the asymptomatic 

control group. The OPG gene showed a 

clear association between specific geno-

types and an increased risk of presenting 

chronic arthralgia associated with articular 

TMD (P = 0.04), heterozygous in the 

rs11573875 region.  
Not all allelic and genotypic frequencies 

of the SNPs were within Hardy–Weinberg 

equilibrium (which determines the genetic 

basis of the populations). However, the 
data were taken into account, since the 

genes evaluated have not been described 
in the Brazilian population previously.  

Considering that alterations in the 
aforementioned genes may be related to 

 
the presence of chronic joint pain and not 

to the diagnosis of articular TMD in indi-

viduals with this comorbidity, the haplo-

type analysis was also performed 

comparing the group that had joint pain 

and an absence of TMD with the asymp-

tomatic controls. These results were 

adjusted for age (Table 4). Thirty-two 

haplotype possibilities were analyzed, but 

only comparisons with a frequency greater 

than 0.01 were considered significant. 

 
The OPG gene presented a tendency 

towards an association of the CGCCAA 

haplotype with an increased risk of the 

chronic joint pain, even in the absence of 

TMD (P = 0.06). While in relation to the 

RANK gene, the AGTGC haplotype was 
associated with the lowest risk of present-

ing chronic joint pain in individuals 

without TMD (P = 0.03). 
 

 
Discussion 
 
Temporomandibular OA is a multifactori-
al chronic disease characterized by the 
presence of synovitis, degradation of 
articular cartilage, subchondral bone 
remodelling, and chronic joint pain. The 
TMJ is a unique joint composed of fibro-
cartilage. It is believed that OA may 
develop in various joints simultaneously, 
including the TMJ, through the action of 
potent proinflammatory mediators and the 
cellular differentiation process, including 

interleukin (IL)-1b, tumour necrosis factor 

alpha (TNF-a), OPG, RANK, and 

RANKL
25

. Recent studies have shown 

that changes in the concentration of 
RANK, RANKL, and OPG are associated 
with the risk of developing changes in the 

TMJ
10

. However, the analysis of specific 

loci involving the proteins of the genes of 
these mediators, which may be related to 
the pathogenesis of OA in individuals with 
TMD, has not yet been done. The analysis 
of the genetic aspects related to temporo-
mandibular OA has the potential to be-
come a more accurate means of early 
identification of the cellular mechanisms 
involved in the development of this dis-
ease, even though the subjects evaluated 
may not have developed phenotypic char- 

 
Table 1. Prevalence of joints affected by reported pain in the two groups of patients with chronic arthralgia.   
Site With articular TMD (n = 85), n (%) Without TMD (n = 82), n (%) P-value (OR, 95% CI) 
      

Knee 59 (69.4) 48 (58.5) P = 0.19 (1.6, 0.8–3.0) 
Hip 12 (14.1) 73 20 (24.4) 62 P = 0.13 (0.5, 0.2–1.1) 
Ankle 4 (4.7) 81 5 (6.1) 77 P = 0.47 (0.7, 0.19–2.9) 
Shoulder 7 (8.2) 78 9 (11.0) 73 P = 0.74 (0.7, 0.2–2.0) 
Wrist 1 (1.2) 84 3 (3.7) 79 P = 0.29 (0.3, 0.03–3.0) 

Elbow 2 (2.4) 82 3 (3.7) 79 P = 0.48 (0.6, 0.1–3.9)  
TMD, temporomandibular disorder; OR, odds ratio; CI, confidence interval. 

http://www.ncbi.nlm.nih.gov/SNP/
http://cmpg.unibe.ch/software/arlequin3/
http://cmpg.unibe.ch/software/arlequin3/
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 Table 2. Characteristics of the polymorphisms studied in the OPG, RANK, and RANKL genes.      
          

 
Gene symbol  Gene name SNP Chromosome Base pair position

a 
SNP type 

Base change
b 

MAF
c 

    

 

Major Minor         
          

 OPG Tumour necrosis factor rs11573919 8 118929541 Intragenic A G 0.02 
  receptor superfamily rs11573875  118939606 Intragenic C T 0.02 

  member 11B rs11573854  118942974 Intragenic A G 0.007 

   rs11573838  118945400 Intragenic A G 0.05 
   rs11573817  118949504 Intragenic C T 0.001 

   rs11573816  118949803 Intragenic C T 0.01 

 RANK Tumour necrosis factor rs474369 6 149322826 Intragenic A T 0.21 
  receptor superfamily rs9498322  149335950 Intragenic A G 0.19 

  member 11A rs504762  149351529 Intragenic C T 0.21 

   rs6920383  149356361 Intragenic A G 0.19 

   rs237033  149393013 Intragenic A G 0.10 

 RANKL Tumour necrosis factor rs492956 6 149347391 Intragenic A G 0.21 
  superfamily member 11 rs13215304  149378197 Synonymous codon A G 0.01 

   rs12660731  149381090 Intragenic C T 0.04  
SNP, single nucleotide polymorphism. 

d Base change according to Applied Biosystems.
  

e Base change according to Applied Biosystems.  

f MAF: minor allele frequency according to GenBank. 

 
 
acteristics of the disease. The present 
study offers preliminary evidence that 

polymorphisms in the OPG and RANK 
genes are associated with the risk of 

developing chronic joint pain, most sig-
nificantly in the presence of temporoman-

dibular OA.  
The manifestation of OA influenced by 

alterations in the OPG/RANK/RANKL 

genes will be determined by the expres-sion 

pattern of this triad, which although 

produced by numerous types of cells in 

different tissues, are manifested via three 

main biological systems: osteoarticular, 

immune, and vascular
26

. The expression of 

OPG and RANKL is modulated by numerous 

osteotropic agents, including oestrogen, 

TNF-a, and transforming growth factor beta 

(TGF-b). On a distinct note, the regulation 

of RANK expression is restricted to cells of 

the immune system
26

. Thus, the principle 

manifestations involved include post-

menopausal osteo-porosis, bone metastases 

(associated with the prostate or breast), 

autoimmune diseases (insulin-dependent 

diabetes, systemic lupus erythematosus), 

chronic inflammatory diseases (rheumatoid 

arthri-tis, periodontal disease), and chronic 

viral infections (hepatitis C, HIV)
27

. The 

expression of these genes in individuals with 

temporomandibular OA has not been 

performed to date. 

 

The human OPG gene is located on 

chromosome 8q23–24. Its protein is com-

posed of 401 amino acid residues, and it is 

often secreted to the exterior of the cell in the 

form of dimers. OPG is the protein most 

highly expressed in bone tissue of the human 

body and is produced mainly by 

 

marrow stromal cells and osteoblasts
28

. 

Considering the close relationship be-
tween the maintenance of subchondral 
bone structure and the integrity of the 
cartilage matrix, alterations in this gene 
have the potential to act via these two 
routes. First, deficient production of OPG 
reduces its binding to the RANKL ligand, 
resulting in alterations in the pro-cess of 
inhibition of osteoclastogenesis and a 
decrease in the number of osteoclast 

apoptoses
7
. The second route is related to 

their effect on chondrocytes. In these cells, 
expression of the OPG gene is determined 
by the association between the messenger 
RNA and proteins that can reach remote 
regions adjacent to subchondral bone,  
leading to the dilution of hyaline cartilage, in 

addition to changes in bone pattern
29,30

.  
One of the most studied regions of the 

OPG gene encompasses the rs3102735 
promoter region (A163G), where the pres-
ence of the polymorphic G allele has been 
associated with lower bone mineral 
density in women after the menopause 
compared with women homozygous for 

the allele
31

. The homozygous genotype of 

the G1181C polymorphism (rs2073618)  
has also been associated with an increased 

risk of osteoporosis in women
32,33

. 

In the present study, a clear association 

between the specific genotype and an in-

creased risk of presenting comorbidity of 

multiple chronic arthralgia and temporo-

mandibular OA was found for the OPG 

gene, heterozygous in the rs11573875 
region. Similarly, when analyzed as 

haplotypes, there was a decrease in signif-

icance, but the tendency of an association 

of the CGCCAA haplotype with an 

 
 
increased risk of presenting chronic joint 
pain remained, even in the absence of 

temporomandibular OA. Given this and 
the fact that patients with rheumatic 

disorders such as rheumatoid arthritis and 
OA show a greater expression of OPG in 

synovial joint fluid, it is believed that 
alterations in the expression of this  
gene may act to predispose the individual 

to the generalized development of OA
29,30 

. In the present study, the joints most 
affected by reported chronic pain were  
synovial, including the knee, hip, and 

shoulder joints
29,30

, with a similar preva- 

lence of joints affected in the two groups. 
RANK is a transmembrane protein that 

acts as a RANKL receptor, and is able to 
activate the osteoclastogenesis transduc-
tion signal by binding to its ligand or to 

anti-RANK agonist antibodies
31

. The in-

teraction of RANK with RANKL induces 
the activation of a cascade of signalling 

molecules and the subsequent activation of  
transcription  factors.  These  factors 

induce the expression of genes associated 
with the differentiation and function of 

osteoclasts
34

.  Osteoclasts  derive  from 

hematopoietic cells of the monocyte–mac-
rophage   lineage.   Thus,   RANK   is 

expressed on the surface of various cell 
types, including hematopoietic osteoclast  

progenitors and mature osteoclasts
35

. The 
RANK gene is found on chromo-  

some 18q22. Alterations in its structure 

have been described in individuals with 
skeletal disorders such as Paget’s disease. 

Polymorphisms in the RANK gene 
(Ala192Val (575 C > T)) have been 

associated with low bone mineral density 
of the calcaneus in post-menopausal 
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Table 3. Distribution of the genotypes and alleles of the OPG, RANK, and RANKL genes, adjusted for age.   
      With articular        

    Articular TMD No TMD TMD and        

    and with and with without        

   Control arthralgia arthralgia arthralgia P-value (OR, 95% CI) (adjusted for age)   
Gene SNP Genotypes (n = 72) (n = 85) (n = 82) (n = 21) 

  
       

     

Control vs. with             

       Control vs. articular Control vs. No articular TMD 

        TMD and with TMD and with and without 
        arthralgia Arthralgia arthralgia 
             

OPG rs11573919 CC–CT–TT 63–4–0 79–1–0 77–1–0 21–0–0 0.19  0.11  0.13 

(  )   CT + TT 4 1 1 0 0.13 (0.19, 0.02–1.82) 0.13 (0.2, 0.02–1.8) 0.32 

  C 130 159 155 42 0.13 (4.8, 0.5–44.3) 0.14 (4.7, 0.5–43.2) 0.33 (  ) 
  T 4 1 1 0        

 rs11573875 AA–AG–GG 0–1–68 0–4–79 0–4–75 0–0–21 0.04  0.21  0.46  

  AG + GG 69 83 79 21 (  )  (  )  (  ) 
(  )   A 1 4 4 0 0.24 (3.3, 0.37–30.6) 0.23 (3.5, 0.3–32.2) 0.76 

  G 137 162 154 42        

 rs11573854 CC–CT–TT 64–4–0 77–5–0 80–1–0 21–0–0 0.58  0.11  0.14 

(  )   CT + TT 4 5 1 0 0.61 (1.0, 0.2–4.0) 0.13 (0.2, 0.2–1.8) 0.33 

  C 132 159 161 42 0.61 (0.9, 0.25–3.6) 0.13 (4.8, 0.5–44.1) 0.33 (  ) 
  T 4 5 1 0        

 rs11573838 CC–CT–TT 71–1–0 84–1–0 82–0–0 21–0–0 0.95  0.22 

(  ) 

0.47 

(  )   CT + TT 1 1 0 0 0.70 (0.8, 0.05–13.7) 0.46 0.77 

  C 143 169 164 42 0.70 (1.1, 0.07–19.0) 0.46 (  ) 0.77 (  ) 
  T 1 1 0 0        

 rs11573817 AA–AG–GG 69–1–0 84–1–0 79–0–0 21–0–0 0.97  0.22 

(  ) 

0.47 

(  )   AG + GG 1 1 0 0 0.70 (0.82, 0.05–13.3) 0.46 0.76 

  A 139 169 158 42 0.70 (1.21, 0.07–19.6) 0.46 (  ) 0.76 (  ) 
  G 1 1 0 0        

 rs11573816 AA–AG–GG 0–15–49 0–12–61 0–21–53 0–5–10 0.32  0.51  0.44  

  AG + GG 64 73 74 15 (  )  (  )  (  )  
  A 15 12 21 5 0.22 (0.6, 0.3–1.5) 0.67 (1.2, 0.6–2.5) 0.32 (1.5, 0.5–4.5) 
  G 113 134 127 25        

RANK rs474369 AA–AT–TT 59–5–3 79–4–1 72–4–5 16–5–0 0.15  0.75  0.07  
  AT + TT 8 5 9 5 0.31 (0.4, 0.14–1.4) 0.92 (0.92, 0.33–2.5) 0.16 (2.3, 0.6–8.0) 

  A 123 162 148 37 0.13 (2.4, 0.8–6.7) 0.92 (0.9, 0.4–2.1) 0.32 (0.6, 0.2–2.0) 

  T 11 6 14 5        

 rs9498322 AA–AG–GG 36–29–6 44–37–4 40–30–4 9–7–3 0.8  0.75  0.67  
  AG + GG 35 41 34 10 0.51 (0.9, 0.5–1.8) 0.8 (0.8, 0.4–1.6) 1.0 (1.1, 0.4–3.1) 

  A 101 125 110 25 0.72 (1.1, 0.8–1.8) 0.63 (1.1, 0.7–1.9) 0.66 (0.7, 0.3–1.6) 

  G 41 45 38 13         
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Table 3 (Continued )   
      With articular        

    Articular TMD No TMD TMD and        

    and with and with without        

   Control arthralgia arthralgia arthralgia P-value (OR, 95% CI) (adjusted for age)   

Gene SNP Genotypes (n = 72) (n = 85) (n = 82) (n = 21) 
  

       

     

Control vs. with             

       Control vs. articular Control vs. no articular TMD 

        TMD and with TMD and with and without 

        arthralgia arthralgia arthralgia 
             

 rs504762 CC–CT–TT 0–12–59 0–12–70 0–13–68 0–3–18 0.56  0.89  0.77  

  CT + TT 71 82 81 21 (  )  (  )  (  )  
  C 12 12 13 3 0.88 (0.8, 0.3–1.9) 0.92 (0.9, 0.42.1) 0.53 (0.8, 0.2–3.1) 
  T 130 152 149 39        

 rs6920383 AA–AG–GG 38–24–7 47–34–2 44–27–3 8–9–3 0.17  0.35  0.49  
  AG + GG 31 36 30 12 0.48 (0.9, 0.4–1.7) 0.71 (0.8, 0.4–1.6) 0.35 (1.8, 0.6–5.0) 

  A 100 128 115 25 0.42 (1.2, 0.7–2.1) 0.3 (1.3, 0.7–2.2) 0.31 (0.6, 0.3–1.3) 

  G 38 38 33 15        

 rs237033 CC–CT–TT 44–24–1 51–29–3 50–25–2 13–8–0 0.93  0.86  0.74  
  CT + TT 25 32 27 8 0.88 (1.1, 0.5–2.1) 0.5 (0.9, 0.4–1.8) 0.9 (1.0, 0.3–2.9) 

  C 112 131 125 34 0.72 (0.8, 0.4–1.5) 0.88 (1.0, 0.5–1.8) 0.84 (0.9, 0.4–2.3) 

  T 26 35 29 8        

RANKL rs492956 AA–AG–GG 55–12–0 66–12–1 59–17–0 16–3–0 0.65  0.51  0.83  
  AG + GG 12 13 17 3 0.49 (0.9, 0.3–2.1) 0.6 (1.3, 0.5–3.0) 0.56 (0.8, 0.2–3.4) 

  A 122 144 135 35 0.86 (1.0, 0.45–2.2) 0.67 (0.7, 0.3–1.7) 0.56 (1.1, 0.3–4.2) 

  G 12 14 17 3        

 rs13215304 AA–AG–GG 66–2–0 78–3–0 72–5–0 17–1–0 0.93  0.31  0.61  
  AG + GG 2 3 5 1 0.58 (1.2, 0.2–7.8) 0.27 (2.2, 0.4–12.2) 0.5 (1.9, 0.1–22.6) 

  A 134 159 149 35 0.58 (0.7, 0.13–4.8) 0.27 (0.44, 0.08–2.3) 0.5 (0.5, 0.04–5.9) 

  G 2 3 5 1        

 rs12660731 CC–CT–TT 69–1–0 84–0–0 81–0–0 21–0–0 0.34 

(  ) 

0.21 

(  ) 

0.47 

(  )   CT + TT 1 0 0 0 0.45 0.46 0.76 

  C 139 168 162 42 0.45 (  ) 0.46 (  ) 0.76 (  ) 
  T 1 0 0 0         
SNP, single nucleotide polymorphism; TMD, temporomandibular disorder; OR, odds ratio; CI, confidence interval. 
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 Table 4. Analysis of haplotypes.          
            

 
Gene Haplotype 

Frequency     P-value (adjusted for age)   
          

    

With articular 
   

Control vs.          

    Articular No TMD TMD and  Control vs. Control vs. with articular 

    TMD and with and with without  articular no TMD TMD and 
   Control arthralgia arthralgia arthralgia  TMD and and with without 

   (n = 72) (n = 85) (n = 82) (n = 21)  with arthralgia arthralgia arthralgia 
            

 OPG   Ch8 (rs11573919; CGCCAG 0.86 0.87 0.82 0.83  – – –  
 rs11573875; rs11573854; CGCCAA 0.06 0.06 0.14 0.16 0.73 0.06 0.14  

 rs11573838; rs11573817; TGCCAA 0.02 0.009 NA NA  – – –  

 rs11573816) CACCAA 0.007 0.01 0 NA 0.24 – –  

 RANK   Ch6 (rs474369; AATAC 0.41 0.50 0.52 0.48  – – –  
 rs9498322; rs504762; AGTGC 0.24 0.16 0.15 0.16 0.33 0.03 0.53  

 rs6920383; rs237033) AATAT 0.15 0.12 0.10 0.07 0.96 0.19 0.93  

  AACAC 0.08 0.05 0.06 0.03 0.38 0.43 0.66  

  TATAC 0.02 0.02 0.04 0.02 0.68 0.64 0.5  

 RANKL   Ch6 (rs492956; AAC 0.89 0.08 0.85 0.89  – – –  
 rs13215304; rs12660731) GAC 0.08 0.06 0.10 0.07 0.96 0.39 0.96  

  AGC 0.008 0.01 0.02 0.02 0.54 0.2 0.4   
TMD, temporomandibular disorder. 

 
 
 

 

Korean women
36

. In another study, it was 

shown that the same SNP Ala192Val was 

associated with changes in bone mass in 

men’s hips, but there was no association in 

women
31

. This discrepancy suggests that 

there is an ethnic difference or differential 

association of the polymorphism with the 

bone mineral density of different struc-

tures
31

, suggesting that the gene should be 

studied in different pathologies and popu-

lations. In the present study, it was ob-

served that the AGTGC haplotype was 

strongly associated with the lowest risk of 

presenting chronic joint pain in individ-

uals without temporomandibular OA (P = 

0.03). These findings suggest that the 

presence of polymorphisms in the OPG 

and RANK genes are determinants of the 

presence of chronic arthralgia in various 

joints of the body, including the TMJ. 
 

RANKL is a membranous protein, 
expressed in osteoblasts, arteriolar smooth 
muscle cells, bone marrow, brain, heart, 
kidney, liver, lung, lymph nodes, breast 
tissue, placenta, spleen, testis, thymus, and 
thyroid. Located on chromosome 13q14, it 
acts as a key molecule mediating the 
development, activity, and survival of 

osteoclasts
37

. Besides its importance in 

osteoclastogenesis, RANKL participates in 
immune regulation, mediating the dif-

ferentiation of T and B lymphocytes
38

. 

Thus, it can trigger osteoclast activation, 
contributing to bone degeneration influ-
enced by inflammation, as in OA.  

The RANK/RANKL complex also 
plays a direct role in the growth and 
homeostasis of cartilage, being found in 

 
 
 

 
healthy tissues. The functional relevance 
of RANK/RANKL expression in chondro-
cyte physiology is not completely under-
stood. However, it is known that the 
inhibition of RANKL activity by OPG can 
prevent cartilage destruction, an irre-
versible and critical step in the pathogen-

esis of OA
39

. SNPs in the RANKL gene 

(rs7984870) that affect the binding of 
transcription factors have recently been 
associated with susceptibility to various 
autoimmune diseases, including rheuma-

toid arthritis
40

.  
In this study, there were no significant 

associations involving the RANKL gene. 
Thus, it is suggested that alterations in the 

OPG and RANK genes are primarily re-
sponsible for altering the function and 

expression of the RANKL ligand, result-
ing in a predisposition to chronic arthral-

gia and comorbid temporomandibular OA.  
It should also be noted that the poly-

morphisms studied in this work are located 

in intronic regions and do not cause amino 

acid change, suggesting that the polymor-

phisms found can serve as a marker of the 

disease, and not as a direct contributor to the 

genetic functions
35

. The effects of other 

genetic variations tied to these poly-

morphisms may have functional signifi-

cance. Thus, the analysis of specific 

microRNAs (miRNAs) and also the level of 

gene expression and tissue proteins may help 

elucidate the pathophysiological mechanism 

involved in OA of the TMJs. For ethical 

reasons, computed tomography images could 

not be obtained for all of the volunteers; this 

represents a major limita-tion. Another 

limitation of this study is 

 
 
 

 
that the diagnosis of chronic arthralgia was 

based only on subject self-report and did 

not include a medical examination or spe-
cific diagnosis. However, it is emphasized 

that this study is important as it is pioneer-
ing in investigating the genetic basis of 

chronic joint pain.  
In conclusion, haplotypes in the OPG 

and RANK genes are associated with the 
risk of presenting chronic arthralgia, even 
in the absence of temporomandibular OA. 
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Abstract. Temporomandibular disorders (TMD) are associated with comorbidity. 
Shoulder pain is among the symptoms associated with TMD. The purpose of this study 
was to investigate the association between TMD and rotator cuff disease (RCD) and 
related genetic aspects. All subjects underwent orofacial and shoulder examinations. 
The control group comprised 30 subjects with no pain. Affected subjects were divided 
into three groups: RCD (TMD-free, n = 16), TMD (RCD-free, n = 13), and TMD/ 
RCD (patients with both RCD and TMD, n = 49). A total of eight single nucleotide 
polymorphisms in the ESRRB gene were investigated. A chemiluminescent 
immunoassay was used to measure estradiol levels. Surface electromyography 

recorded head and cervical muscle activity. The x
2
 test and Student t-test/Mann– 

Whitney test were used to assess the significance of nominal and continuous variables. 
A P-value of <0.05 was considered significant. TMD subjects were seven times more 
susceptible to RCD than controls. The rs1676303 TT (P = 0.02) and rs6574293 GG (P 
= 0.04) genotypes were associated with RCD and TMD, respectively. TMD/RCD 
subjects showed associations with rs4903399 (P = 0.02), rs10132091 (P = 0.02), and 
CTTCTTAG/CCTCTCAG (P = 0.01) haplotypes and lower muscle activity. Estradiol 
levels were similar among groups. This study supports TMD as a risk factor for RCD. 
ESRRB haplotypes and low muscle activity are common biomechanical characteristics 
in subjects with both diseases.  
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Temporomandibular disorders  (TMDs) temporomandibular  joint  (TMJ)  and hypothesized that persistent TMD pain 

are the most common source of non- masticatory muscles.
1
 TMDs are hetero- conditions result from a ‘central sensiti- 

odontogenic  pain of  musculoskeletal geneous in presentation and multifacto- zation  syndrome’,
3
  disregarding  other 

origin.  These  disorders  affect  the rial in aetiology.
2
 However, it has been important  etiological  factors,  such  as 
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trauma, pro-inflammatory states, and a 

genetic basis.
2 

 
The overlap of physical symptoms of 

TMD with those of other comorbid disor-
ders involving pain in the muscles and joints 

has recently been reported.
4,5

 The facial pain 

may radiate to surrounding areas triggering 
jaw pain, earache, tinnitus, head-ache, 
cervical/shoulder pain, neuralgia, and 

toothache.
4
 Among these, shoulder pain is 

one of the main symptoms in TMD patients.
5
 

However, the most common cause of chronic 
shoulder pain in adults is rotator cuff disease 
(RCD), which is a spectrum of disorders 
varying from revers-ible tendinopathy to 

frank tear,
6
 affecting 30–50% of the 

population.
4
 The specific aetiology of RCD 

has not been fully eluci-dated, but it is 
considered to be the result of articular 

degeneration,
7
 hypovascularity, collagen 

abnormalities, tensile overload,
8 

 
and genetic factors

9
 – all common to the 

development of TMD.
2,10 

 
The mechanical aetiology of chronic 

facial and shoulder pain has been related 
to poor posture of the head–neck–shoulder 

complex.
4
 However, the masticatory and 

cervical muscle activities in patients with 
TMD associated with RCD have not been 
studied previously in order to elucidate the 
mechanical basis of these comorbid pain 
conditions.  

Epidemiological data have shown that 
women are predominantly affected by 

RCD
9
 and TMD.

11
 This gender difference 

could be explained on the basis of sex 

hormones and their receptors.
12

 In 
humans, 17b-estradiol decreases sensitiv-
ity to noxious subcutaneous stimuli over 

the TMJ region.
2
 Low oestrogen or rapid 

changes in oestrogen concentration result 

in an increase in articular pain,
13

 explain-
ing the greater pain intensity observed in 

women with TMD and RCD.
14 

 
Endogenous oestrogen can act directly 

on monocytes, increasing the production 
of pro-inflammatory cytokines, which pro-
motes cartilage resorption, inhibits the 
synthesis of proteoglycans, and causes 

inflammation.
15

 This hormone can also 
increase type III collagen content and lead 
to a decrease in the type I/III collagen 

ratio, affecting the healing process.
11 

 
Traditionally, it has been thought that 

oestrogen acts only through oestrogen 

receptors a and b.
16

 However, another 

subfamily within the nuclear receptor sub-
family – the oestrogen-related receptors 
(ERRs) – shares sequence similarity, co-
regulatory proteins, and action sites with 
oestrogen receptors. This subfamily con-

tains three members: ERR a, b, and g.
16

 

The oestrogen-related receptor b (ESRRB) 
is involved in oestrogen-regulated 

 
 
 
 
 
pathways because it can bind the oestrogen 

response element, activate transcription in-

dependent of exogenous ligands, and share  
co-activators with oestrogen receptors a 

and b.
17 

 
There is evidence that genetic factors 

act as intrinsic risk factors for RCD.
18

 In a 

recent report, different mutations, single 
nucleotide polymorphism (SNP) func-
tions, and haplotypes of the ESRRB gene 

were associated with RCD.
9
 However, 

genetic effects on TMJ derangement have 
not been fully clarified. Since oestrogen 
alterations are associated with TMD, an 
investigation of the ESRRB gene may help 
to gain insights into the pathogenesis of 
TMD and explore its correlation with 
RCD.  

Taking into account that TMD and RCD 

are common multifactorial diseases mod-

ulated by numerous biological processes, 

it was hypothesized that the aetiology of 

TMD/RCD comorbidity is influenced by 

mechanical muscle activity, oestrogen 

levels, and the ESRRB gene. Therefore, 

the purpose of this study was to 

investigate the association between TMD 

and RCD comorbidity symptoms and the 

bio-mechanical basis. Once a combined 

diag-nosis of TMD and RCD is made, 

treatment options must be considered. 

Greater knowledge of these comorbid 

diseases may help in the identification of 

therapeu-tic targets and procedures, 

providing bet-ter strategies to optimize the 

outcomes of RCD and TMD therapies. 
 
Materials and methods 
 
Subject selection 
 
This cross-sectional study was conducted 

in accordance with the recommendations 

of the Ethics Committee of the National 

Institute of Traumatology and Orthopedic 

Research; informed consent was obtained 

from each subject. One hundred eight 

Brazilian volunteers, of both sexes, were 

selected from an outpatient pool during the 

course of 1 year. Subjects reported their 

personal and medical histories. They 

underwent routine consultations in a spe-

cialized care center for shoulder and el-

bow disorders in order to evaluate their 

shoulder and TMJ conditions. Inclusion 

criteria for subjects were the following: 

Brazilian citizen, age >45 years, and no 

previous surgery or neoplasm in the TMJ 

or shoulder.  
Subjects with a history of trauma, bursi-tis, 

rheumatoid arthritis, or autoimmune diseases, 

chronic use of systemic cortico-steroids, 

hyperlaxity, or who were pregnant were 

excluded. The control group com-prised 30 

subjects without pain and with  

 
 
 
 
 
no signs or symptoms of TMD or RCD. 

Subjects diagnosed as having RCD and/or 

a TMD were divided into three groups: 

RCD subjects (TMD-free, n = 16), TMD 

sub-jects (RCD-free, n = 13), and 
TMD/RCD affected subjects (patients with 

both RCD and TMD, n = 49). The baseline 

clinical parameters for the subject 

population are shown in Table 1. 

 
Diagnosis of temporomandibular 
disorders 
 
All participants were examined clinically 
by the same dentist (L.L.B.) according to 
the Research Diagnostic Criteria for 
Temporomandibular Disorders (RDC/ 

TMD) Axis I
19

 in order to investigate the 

three groups of TMD: group I, muscle 
disorder; group II, disc displacement; and 
group III, arthralgia, arthritis, and arthro-
sis. The RDC/TMD were used to assess 
these three groups of TMD using well-
validated techniques, including palpation 

at 20 specified muscle sites.
19

 Self-

reported symptoms pertaining to jaw im-
pairment and associated pain were also 
recorded during the evaluation.  

Clinical characteristics were noted, 
which included the following clinical 

symptoms: ear pain, toothache, burning 
sensation in the mouth, limited mouth 

opening, and noises (clicking, crepitation) 
in the TMJ, as well as diagnosed bruxism. 

Of the 108 patients examined, 62 showed a 
TMD. 

 
Diagnosis of rotator cuff disease 
 
Sixty-five subjects were diagnosed with 
RCD. The diagnosis of RCD was based on 

the protocol of Motta et al.,
9
 by clinical 

examination and imaging of the involved 
shoulder (radiography and magnetic reso-
nance imaging). Subjects considered to be 
RCD-free had a negative history for shoul-
der pain, a negative specific test result for 
impingement syndrome in a complete 

physical examination of the shoulders,
20

 

and an absence of tendinopathy. All clini-
cal evaluations were performed by one of 
the authors from the specialized care 
center (M.V.A.).  

The records of the orthopedist who 
carried out the RCD diagnosis and the 
dentist performing the orofacial examina-
tion were independent of one another. 

 
Oestrogen-related receptor b genotyping 
 
DNA from all participants was extracted 
from buccal cells after vigorously rinsing 
with 5 ml of saline solution for 60 s, as 

described previously.
21

 A NanoDrop 
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Table 1. Baseline clinical parameters of the population studied.   
       TMD/RCD Healthy TMJ with TMD without   
 Control  RCD  TMD affected  RCD P-value RCD P-value TMD/RCD affected 

Variables (n = 30) (n = 16) (n = 13) (n = 49)  (OR; CI)
a  (OR; CI)

a 
P-value (OR; CI)

a 

Ethnic group, n (%)               
White 11 (36.7) 13 (81.2) 11 (84.6) 38 (77.5) 0.03 (7.4; 1.4–42.7) 0.003 0.0002 

           (9.5; 1.5–46.3) (5.9; 1.9–18.5) 
Non-white 19 (63.3) 3 (18.7) 2 (15.4) 11 (22.4)       

Age, years, 55   7.8 57.2   8.2 56.3   8.1 57.3   8.0 0.06 0.4  0.57 

mean   SD               
Sex, n (%)               

Female 22 (73.3) 11 (68.7) 9 (69.2) 38 (77.5) 0.74 (0.8; 0.1–3.6) 0.7 (0.8; 0.1–4.3) 0.67 (1.26; 0.3–4.0) 
Male 8 (26.7) 5 (31.2) 4 (30.8) 11 (22.4)       

Smoking, n (%)               

Non-smoking 26 (86.7) 13 (81.2) 13 (100) 44 (89.8) 0.6 (0.6; 0.1–4.5) 0.1 (–) 0.67 (1.3; 0.2–6.5) 
Smoking 4 (13.3) 3 (18.7) 0 (0) 5 (10.2)       

Alcohol consumption, n (%)              

Non-drinking 21 (70) 13 (81.2) 11 (84.6) 36 (73.5) 0.4 (1.8; 0.3–10.6) 0.3 (2.3; 0.3–19.0) 0.7 (1.1; 0.3–3.6) 
Drinking 9 (30) 3 (18.7) 2 (15.4) 13 (26.5)       

General medical condition, n (%)             

Systemic disease 30 (100) 16 (100) 13 (100) 46 (93.9) 0.3  1.0  0.1 (0.0; 0.0–3.7) 
Diabetes 5 (16.7) 2 (12.5) 5 (38.5) 10 (20.4) 0.7 (0.7; 0.0–5.1) 0.1 (3.1; 0.5–17.5) 0.6 (1.2; 0.3–4.9) 
High blood pressure 20 (66.7) 5 (31.2) 5 (38.5) 32 (65.3) 0.02 (0.2; 0.0–0.9) 0.08 (0.3; 0.0–1.4) 0.9 (0.9; 0.3–2.7) 
Hypothyroidism 1 (3.3) 2 (12.5) 1 (7.7) 1 (2.0) 0.2 (4.1; 0.2–127.0) 0.5 (2.4; 0.0–98.2) 0.7 (0.6; 0.0–23.1) 

                
RCD, rotator cuff disease; TMD, temporomandibular disorder; OR, odds ratio; CI, confidence interval; SD, standard deviation. 

40. P-value compared to control group (without either disease).
 

 
spectrophotometer (Thermo Scientific, 
Wilmington, DE, USA) was used to de-
termine the amount and purity of the 
DNA. Only DNA samples showing  
A260 nm/A280 nm ratios greater than 1.9 
were used.  

All procedures included in SNP selec-
tion and analysis followed the STREGA 

reporting recommendations.
22

 Linkage 

disequilibrium relationships and gene 
structure were considered in order to se-
lect the eight SNPs in the ESRRB gene 
included in this study. The minor allele 
frequencies reported in the database of the 
National Center for Biotechnology Infor-
mation (http://www.ncbi.nlm.nih.gov/ 
SNP/) was >0.12 (Table 2).  

Real-time polymerase chain reactions 
with TaqMan chemistry (Applied Biosys-

tems, Foster City, CA, USA) were used 
for genotyping of the eight selected SNPs 

in a thermocycler (PTC-225 Tetrad, Peltier 
Thermal Cycler; Bio-Rad Life Science, 

 
Table 2. Genetic variants in the ESRRB gene.  

 

Corston, UK), yielding 1.5 ml/reaction in 
total. The haplotype analyses were also 
considered in order to explore SNP asso-
ciations. 

 

Estradiol level 
 
Endogenous estrogens are a group of ste-
roidal compounds including 17b-estradi-
ol, estrone, and estriol. Because the 
bioactivity of 17b-estradiol is the greatest 

of the three in vivo,
23

 it was chosen to 

evaluate the estradiol concentration in se-
rum.  

One 5-ml blood sample was taken from 

41 subjects in the total sample group after 
8 h of overnight fasting (eight controls, 

nine RCD, four TMD, and 20 TMD/RCD 

affected subjects). The blood was centri-

fuged and the serum samples stored at 20 

8C. In order to exclude the influence of 

hormone variables on estradiol levels in 

the women, the use of contraceptives, 

 

hormone replacement therapy, menopause 

status, and menstrual cycle status (normal 

length menstrual cycles (26–35 days du-

ration) or luteal phase of the menstrual 
cycle (22–25 days based purely on self-

report of the first day of menses)) were 

recorded. For pre-menopausal women, 

blood was taken only within the first 7 

days from the first day of menstrual flow, 

since during this period the oestrogen level 

is not under the influence of the physiolo-

gy of menstruation.  
Assays were performed concurrently on 

serum specimens from cases and controls. 

All laboratory personnel were blinded to 

the subjects’ status. A competitive chemi-

luminescent immunoassay performed 

using the ACS-180 automated immunoas-

say system (Bayer Diagnostics Corp., Tar-

rytown, NY, USA) was used to measure 
total estradiol in the serum samples.  

The normal values for estradiol were 
determined according to the manufac-
turer’s instructions: menopause, <40 pg/ 
ml; non-pregnancy, 27–433 pg/ml; and 
men, <47 pg/ml. Taking into account 

  Base pair Base   Nearest gene 

SNP Chromosome position change
a 

MAF
b 

SNP type locus 

rs4903399 Ch14 76775202 C>T 0.1 Intergenic Intergenic 
rs1077430 Ch14 76897677 C>T 0.3 Intron ESRRB 
rs2860216 Ch14 77006008 C>T 0.3 Intergenic Intergenic 
rs10132091 Ch14 76870818 C>T 0.4 Intron ESRRB 
rs1676303 Ch14 76992164 C>T 0.2 Intergenic Intergenic 
rs745011 Ch14 76917275 C>T 0.4 Intron ESRRB 
rs4903419 Ch14 76984655 A>G 0.1 Intergenic Intergenic 
rs6574293 Ch14 76870600 A>G 0.1 Intron ESRRB 
        
SNP, single nucleotide polymorphism. 

50. Base change according to Applied Biosystems.
  

51. MAF: minor allele frequency according to GenBank.  

 
the hormonal influence and the natural 
difference between men and women for 
serum estradiol levels, subjects were clas-
sified as having a normal level, below 
normal level, or above normal level. 

 

Surface electromyography 
 
The activity of the muscles was recorded 
by surface electromyography (EMG) on 
the right and left side masseter, anterior 
temporal, sternocleidomastoid, trapezius, 

 
 

 

http://www.ncbi.nlm.nih.gov/SNP/
http://www.ncbi.nlm.nih.gov/SNP/
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and deltoid muscles in a representative 
sample, including 12 subjects from the 
control and TMD/RCD affected groups. 
EMG signals were obtained using a four-
channel module (EMG System do Brasil 
Ltda, Sa˜o Jose´ dos Campos, SP, 

Brazil).
24

 Surface active bipolar 

electrodes with 10 mm of inter-electrode 
distance and Ag 99.9% (3 M Brazil, 
Sumare´, Sa˜o Paulo, Brazil) were used, 
along with a disposable monopolar 
electrode, used as a reference (Ag/AgCl; 3 
M Brazil) and placed on the forearm.  

Patients were instructed to remain 
seated in a chair, feet apart, shoulders 
relaxed, and hands resting on their thighs, 
with their heads in the Frankfort plane 
parallel to the ground. The electrode at-
tachment sites were cleaned with a cotton 
ball soaked in 70% alcohol to reduce the 
impedance between the skin and electro-
des, as per the SENIAM (Surface Elec-
troMyoGraphy for the Non-Invasive 
Assessment of Muscles project) recom-

mendations.
25

 EMG signals were sam-

pled at 1000 Hz, band-pass from 20 to 500 
Hz. The signals were recorded for 10 s 
each. In all tests, a 5-s period was selected 
(the two initial and three final seconds of 
the EMG signal were dis-carded). The 
signal processing was per-formed using 
specific routines carried out in WinDaq 
software (WinDaq/HS; DATAQ 
Instruments Inc., Akron, Ohio, USA) and 
was based on the protocol of Lauriti et 

al.,
24

 calculating the average value and 

standard deviation from the root mean 
square (RMS). 

 
Masseter and anterior temporal muscles 
 
Evaluations of the masseter and anterior 
temporal muscles were carried out at rest 
and at maximum clenching effort (MCE). 
To avoid direct occlusal contact, a strip of 
Parafilm M (Bemis Company, Inc., Osh-
kosh, WI, USA) was folded five times and 
arranged bilaterally in the molar region, 

based on the protocol of Lauriti et al.
24 

 
Sternocleidomastoid muscle 
 
EMG of the sternocleidomastoid muscle 

was recorded by placing an electrode 
along a line drawn from the sternal notch 

to the mastoid process, at one-third the 
distance from the mastoid process. Sub-

jects were asked to turn their head and 

neck to maximum rotation. 

 
Trapezius muscle 
 
EMG of the upper trapezius muscle was 
recorded by placing an electrode along a 

 
 
 
 
 
line joining the acromion and C7, at one-
third the distance from the acromion pro-
cess. These steps were based on a protocol 

by Chowdhury et al.
26

 Subjects had to 

raise their shoulders to their maximum 
position in order to analyze trapezius ac-
tivity. 

 
Deltoid muscle 
 
EMG activity in the deltoid muscle was 
measured under complete arm abduction 
with electrodes positioned on the greatest 
tonus. 

 
Statistical analysis 
 
Data entry and the statistical analysis were 

implemented with Stata 11.1 (StataCorp, 

College Station, TX, USA). The sample 

included all subjects attending for routine 

consultation at the Center of Shoulder and 

Elbow Surgery of the National Institute of 

Traumatology and Orthopedics who ful-

filled the inclusion criteria. The x2
 test was 

used to assess the significance of differ-ences 

in nominal variables (expressed as 

frequencies and percentages), including the 

frequencies of genotypes and alleles, 

between cases and controls. After the 

Shapiro–Wilk test for continuous vari-ables 

was applied (variables expressed as the mean 

and standard deviation), anal-ysis of variance 

was performed with the Student t-test or 

Mann–Whitney test, depending on whether 

the distribution was normal or non-normal, 

respectively. All genetic analyses were 

performed just after fitting for Hardy–

Weinberg equilib-rium. The odds ratio (OR) 

and 95% confi-dence interval (95% CI) were 

used to calculate the risk associated with 

alleles and genotyping. Multivariate logistic 

re-gression explored variables with statistical 

significance in the univariate analysis. 

Multiple comparisons were corrected by 

Bonferroni correction (http://www. 

quantitativeskills.com/sisa/calculations/ 

bonfer.htm). The program ARLEQUIN 

 

(v.20; http://anthro.unige.ch/arlequin) was 

used to calculate linkage disequilibri-um 

and haplotypes. Values of P < 0.05 were 

considered to have statistical signifi-cance. 
 

 

Results 
 
Clinical findings: TMD and RCD 
incidence 
 
Of the total 410 subjects evaluated during 
1 year at the specialized care center for 
shoulder and elbow disorders, 108 were 
included in this study. There were 80  

 

 

 

 

 

(74%) women and 28 (26%) men, with a 

mean age of 57.2 8.3 years. The con-trol 

group consisted of 30 subjects, 22 (73%) 

women and eight (27%) men, with a mean 

age of 55 7.8 years. No difference was found 

among test groups (RCD, TMD, and 

TMD/RCD affected) when compared to the 

control group for age, sex, smoking habit, 

alcohol consumption, systemic dis-ease, 

diabetes, hypothyroidism, and the use of 

calcium supplementation, analgesics, non-

steroidal anti-inflammatory drugs (NSAIDs), 

steroidal anti-inflammatory drugs (SAIDs), 

bisphosphonates, and mus-cle relaxant drugs. 

 

The x
2
 test revealed a higher prevalence 

of white ethnicity in the TMD (P = 0.003), 
RCD (P = 0.03), and TMD/RCD affected 
(P < 0.001) groups. On the basis of OR 
calculation, the risk associated with those 
of white ethnicity having both diseases 
(OR 5.9; 95% CI 1.9–18.5) was six times 
higher than in control subjects. Additional 
details regarding the demographics of the 
subjects are shown in Table 1.  

During the clinical TMJ and shoulder 
evaluations on the subjects, the incidence 
of TMD was 57.4% and RCD was 60.2%. 
From the total patients with TMD (n = 62), 
79.0% (n = 49) were diagnosed with RCD. 

The x
2
 Fisher’s test showed a marked 

difference in RCD incidence in patients 
with and without TMD  
(P < 0.001). Subjects with TMD were 
seven times more susceptible to RCD (OR 
7.0; 95% CI 2.7–18.4) than subjects with a 
healthy TMJ.  

No difference was detected among the 

groups with TMD according to the RDC/ 

TMD Axis I diagnosis. From the total of 
62 subjects diagnosed with TMD, 24 

showed a muscle disorder (group I), three 

had disc displacement (group II), and five 

were classified with a degenerative local 

disease (group III); more than one diagno-

sis was identified in 30 of the subjects 

(Table 3). 

 

Genetic association study 
 
The results for the eight SNPs in the 
ESRRB gene are provided in Table 4. As 

indicated by the x
2
 test, statistically 

significant associations were observed. 
Allele and genotype frequencies for SNPs 
were within Hardy–Weinberg equilibrium 
in all groups. All evaluations considered 
the control group as the reference for 
statistical calculation. 

 

Genetic differences in TMD and RCD 
 
A significant difference was found in the 
frequency of the rs1676303 TT genotype 

http://www.quantitativeskills.com/sisa/calculations/bonfer.htm
http://www.quantitativeskills.com/sisa/calculations/bonfer.htm
http://www.quantitativeskills.com/sisa/calculations/bonfer.htm
http://anthro.unige.ch/arlequin
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Table 3. Characteristics of all subjects with TMD according to the Research Diagnostic Criteria for Temporomandibular Disorders 
(RDC/TMD) Axis I evaluation.   
 With TMD (n = 62) 

P-value OR 95% CI     

 

Without RCD With RCD     

 (n = 13) (n = 49)    
       

Muscle disorders (group I) 7 17  0.2 0.4 0.1–1.8 
Disc displacement (group II) 1 2  0.5 0.5 0.0–15.5 
Arthralgia, arthritis, and arthrosis (group III) 0 5  0.2 – – 
Multiple diagnoses 5 25  0.4 1.6 0.4–6.9 
        
TMD, temporomandibular disorder; RCD, rotator cuff disease; OR, odds ratio; CI, confidence interval. 

 

 
(P = 0.02) between controls and RCD sub-
jects. TMD subjects showed a higher fre-
quency of GG genotype (P = 0.04) in 
rs6574293. 

 
Genetic basis of TMD/RCD  

Subjects with both diseases 

(TMD + RCD)  showed  a significantly  
lower frequency of polymorphic geno-
types (CT + TT) (P = 0.02) and higher 
frequency of C allele (P = 0.02) in 
rs4903399 when compared to controls. 

 

 
In RCD subjects, the presence of polymor-
phic genotypes (P < 0.001) and C allele (P 
= 0.01) markedly differentiated this SNP 
frequency from controls. In addition, 

rs10132091 polymorphisms (CT + TT) (P 
= 0.02) also exhibited an association with 
both diseases (TMD + RCD).  

To assess factors concurrently, a multi-

variate logistic regression of individual 
parameters was performed considering the 
two main groups: controls and TMD/ RCD 
affected. The initial univariate analy-sis 
demonstrated ethnic group (P < 0.001), 

 

 
rs4903399 genotypes (P = 0.02), and 

rs10132091 genotypes (P = 0.02) to be po-

tential predictive factors for TMD in asso-

ciation with RCD. EMG showed lower 

activity in masseter, temporal, sternoclei-

domastoid, and trapezius muscles for 

TMD/RCD affected subjects. A regression 

analysis comparing parameters that consid-

ered all patients included in these groups 

(genotypes and white ethnicity) was con-

ducted. The results affirmed white ethnicity 

(P = 0.001) as a high risk factor associated 

with TMD/RCD affected subjects. 

 

 
Table 4. ESRRB genotype and allele distribution in all subjects.   
     TMD/RCD Healthy TMJ with     
  Control RCD TMD affected  RCD P-value TMD without RCD TMD/RCD affected 

SNP Genotypes (n = 30) (n = 16) (n = 13) (n = 49)  (OR; CI)
a 

P-value (OR; CI)
a 

P-value (OR; CI)
a 

rs4903399 CC–CT–TT 14–13–2 14–2–0 6–6–1 36–12–1 0.031 0.9  0.07 
 CT+TT 15 2 7 13 0.009 (0.1; 0.0–0.8) 0.8 (1.0; 0.24–4.91) 0.02 (0.3; 0.1–0.9) 

 C 41 30 18 84 0.01 (6.2; 1.2–42.2) 0.2 (2.3; 0.5–11.6) 0.02 (2.4; 1.0–5.9) 

 T 17 2 3 14       

rs1077430 CC–CT–TT 6–14–9 4–9–3 2–5–6 11–21–17 0.6  0.6  0.8  
 CT+TT 23 12 11 38 0.5 (0.7; 0.1–4.1) 0.6 (1.4; 0.2–12.3) 0.8 (0.9; 0.2–3.1) 

 C 26 17 9 43 0.4 (1.3; 0.5–3.6) 0.3 (0.6; 0.2–1.8) 0.9 (0.9; 0.4–1.9) 

 T 32 15 17 55       

rs2860216 CC–CT–TT 3–14–12 3–4–9 2–8–3 4–16–29 0.2  0.5  0.3  
 CT+TT 26 13 11 45 0.4 (0.5; 0.0–3.7) 0.6 (0.6; 0.0–6.4) 0.7 (1.3; 0.2–7.6) 

 C 20 10 12 24 0.7 (0.8; 0.3–2.3) 0.3 (1.6; 0.5–4.6) 0.1 (0.6; 0.2–1.3) 

 T 38 22 14 74       

rs10132091 CC–CT–TT 8–16–5 4–7–5 2–5–6 4–25–20 0.5  0.1  0.02 
 CT+TT 21 12 11 45 0.8 (1.1; 0.2–5.7) 0.3 (2.1; 0.3–17.2) 0.02 (4.2; 1.0–19.4) 

 C 32 15 9 33 0.4 (0.7; 0.2–1.8) 0.08 (0.4; 0.1–1.2) 0.008 (0.4; 0.2–0.8) 

 T 26 17 17 65       

rs1676303 CC–CT–TT 1–7–21 2–9–5 1–1–11 4–17–28 0.02 0.4  0.3  
 CT+TT 28 14 12 45 0.2 (0.2; 0.0–4.0) 0.5 (0.4; 0.0–17.3) 0.4 (0.4; 0.0–4.1) 

 C 9 13 3 25 0.007 (3.7; 1.2–11.4) 0.6 (0.7; 0.1–3.2) 0.1 (1.8; 0.7–4.7) 

 T 49 19 23 73       

rs745011 CC–CT–TT 9–13–7 7–9–0 3–2–8 12–26–11 0.09 0.05 0.7  
 CT+TT 20 9 10 37 0.3 (0.5; 0.1–2.4) 0.5 (1.5; 0.2–8.9) 0.5 (1.3; 0.4–4.3) 

 C 31 23 8 50 0.0 (2.2; 0.8–6.2) 0.5 (0.3; 0.1–1.1) 0.7 (0.9; 0.4–1.8) 

 T 27 9 18 48       

rs4903419 AA–AG–GG 20–8–1 13–3–0 9–4–0 32–17–0 0.5  0.7  0.3  
 AG+GG 9 3 4 17 0.3 (0.5; 0.0–2.6) 0.9 (0.9; 0.1–4.9) 0.7 (1.1; 0.4–3.5) 

 A 48 29 22 81 0.3 (2.0; 0.4–10.1) 0.8 (1.1; 0.2–4.9) 0.9 (0.9; 0.3–2.5) 

 G 10 3 4 17       

rs6574293 AA–AG–GG 0–11–18 0–5–11 0–1–12 0–10–39 0.6  0.04 0.09 
 AG+GG 29 16 13 49 –  –    

 A 11 5 1 10 0.6 (0.7; 0.2–2.8) 0.06 (0.1; 0.0–1.4) 0.1 (0.4; 0.1–1.3) 

 G 47 27 25 88       
             
RCD, rotator cuff disease; TMD, temporomandibular disorder; OR, odds ratio; CI, confidence interval. 

17. P-value compared to control group (without either disease).
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Table 5. Haplotype analysis of the ESRRB gene.   
   Frequency  Bonferroni correction 
Gene Haplotypes 

 

P-value P-value    

Control (n = 30) TMD/RCD affected (n = 49)     
       

ESRRB–Ch14 CTTTTTAG 0.12 0.1  0.90 0.5 
(rs4903399; rs1077430; CTTCTTAG 0.07 0.1  0.01 0.07 
rs2860216; rs10132091; CCTCTCAG 0.10 0.04  0.01 0.07 
rs1676303; rs745011; CTTTTTGG 0 0.08  1 1.0 
rs4903419; rs6574293) TTCTTTAG 0 0.05  0.1 0.6 
        
TMD, temporomandibular disorder; RCD, rotator cuff disease. 

 
 
ESRRB haplotype association with TMD/ 
RCD affected subjects 
 
Based on the ESRRB gene as a possible 

candidate for comorbidity of both dis-

eases, haplotype analysis was performed 

comparing the control group with TMD/ 

RCD affected subjects. The summary of 

the haplotype analysis is shown in Table 5. 

There was a significant association of the 

haplotype CTTCTTAG (P = 0.01) and 

CCTCTCAG (P = 0.01) with the occur-

rence of TMD/RCD. After strict Bonfer-

roni correction, these haplotypes kept a 

tendency of association with TMD/RCD 

affected subjects. 

 
Analysis of serum estradiol levels 

 
 
of one subject. RCD was diagnosed in two 
right and four left sides. 

 
Masseter and temporal muscles 
 
There was a statistically significant differ-
ence between groups for the right masseter 

and temporal muscles, with lower activity 

in patients with both diseases in the rest 

position (P = 0.03 and P = 0.02, respec-

tively) and with MCE (P = 0.01 and P = 

0.03, respectively). The left masseter 

muscle also showed lower activity during 

rest in the TMD/RCD affected group (P = 

0.01). Figure 1 displays the RMS (root 
mean square) of the temporal and masseter 

muscles in all groups. 

 
 
tion, evaluating a total of 108 volunteers, 
divided into four groups according to the 

absence or presence of TMD/RCD. The 

clinical and epidemiological features, co-

morbid prevalence of the diseases, surface 

EMG activity in facial and cervical mus-

cles, and ESRRB genetic basis were ana-

lyzed based on the biomechanical aspects 

of each disease aetiology.  
This study showed that TMD and RCD 

have a common genetic and mechanical 
basis. These diseases affect a similar group 
of subjects, with radiated pain from TMJ 
to the shoulder, which could be a 
consequence of head–neck–shoulder mus-
cle tension and postural changes. It was 
speculated that estradiol levels could af-
fect joint degeneration acting through 
ESRRB, which was demonstrated to be  

The analysis of the estradiol serum level 
considered individual sex and hormone 

variations. Forty-one subjects distributed 

in all groups were stratified as having 
normal, below normal, or above normal 

levels. No statistical difference was found 
among groups. The frequency of TMD 

and/or RCD in subjects with normal 
values of estradiol was similar to that in 

those with values below or above normal 
(Table 6). 

 
Muscle activity (EMG) 
 
Of the 108 subjects enrolled in this study, 

12 (11%; six controls and six TMD/RCD 

affected) were submitted to EMG evalua-
tion, since 90% of patients underwent 

arthroplasty surgery to treat RCD. The 

affected side of TMD + RCD was 

recorded in all patients before EMG ex-

amination. The TMD affected the joints 

bilaterally in five subjects and the left side 

Cervical muscles 
 
Taking into account head–neck rotation, 

there was no difference in the activities of 

the right or left sternocleidomastoid mus-

cle between groups, with the exception of 

the left sternocleidomastoid, which 

showed lower activity in TMD/RCD af-

fected subjects (P = 0.03). No statistically 

significant difference in deltoid muscle 

activity was found between groups, while 

lower left trapezius activity under shoul-

der elevation was detected during trapezi-

us (P = 0.03) activation in TMD/RCD 

affected subjects. 

 
Discussion 
 
Evidence that shoulder pain is a common 
symptom in TMD subjects may indicate 
that there is a relationship between TMD 
and RCD. The present study was con-
ducted in order to elucidate this associa- 

 
associated with comorbid TMD/RCD de-
velopment.  

Subjects with TMD were seven times 

more susceptible to RCD than subjects 

with a healthy TMJ. White ethnicity, 

ESRRB haplotypes, and low muscle sur-

face EMG activity were identified as 

common biological and mechanical char-

acteristics in subjects with both diseases. It 

should be noted that white and non-white 

ethnicity was defined on the basis of self-

report during anamnesis. It is possible that 

TMD plays both a direct and indirect role 

in the development of RCD through phys-

iological mechanisms and by its ability to 

exacerbate the condition and hinder pain 

rehabilitation and management.  
The complex etiopathogenesis and the 

variability in symptoms associated with 
TMD and RCD make it difficult to adopt 

standardized diagnostic protocols.
9
 

Therefore, despite the many proposed 

 
Table 6. Estradiol levels.   
     Healthy TMJ   
 Control group RCD TMD TMD/RCD affected with RCD TMD without TMD with 

Estradiol level (n = 8) (n = 9) (n = 4) (n = 20) P-value
a 

RCD P-value
a 

RCD P-value
a 

Below 0 0 0 2 0.2 0.4 0.6 
Normal 7 9 4 16    

Above 1 0 0 2    
         
RCD, rotator cuff disease; TMD, temporomandibular disorder. 

a Compared to controls.
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Fig. 1. Surface EMG activity of the head and 
cervical muscles; * significant difference. 
(A) Masseter and temporal EMG in the rest 
posi-tion: note the lower activity of the right 
mus-cle in TMD/RCD affected subjects. (B) 
Masseter and temporal EMG in maximum 
clenching effort (MCE): most of the muscles 
evaluated showed lower EMG activity in 
TMD/RCD affected subjects. (C) EMG of 
the cervical muscles: lower EMG activity 
was detected in the sternocleidomastoid 
(SCM) and trapezius in TMD/RCD affected 
subjects.  
 

 
classification systems for musculoskeletal 

pain,
19

 the clinical diagnosis of TMD in 
the present study was based on the Re-
search Diagnostic Criteria for Temporo-

mandibular Disorders (RDC/TMD),
19

 
which is considered to be a system with a 
detailed description and standardization of 
the clinical examination needed for 

 
TMD classification. In 2014, the RDC/ 
TMD criteria were revised and the Diag-
nostic Criteria for Temporomandibular 
Disorders (DC/TMD), designed for appli-
cation in clinical practice and research, 

were published.
27

 However, the data col-

lection and clinical examinations for this 
study were performed before this revision, 
which explains the use of the RDC/TMD 
as diagnostic criteria. In addition, all RCD 
diagnoses were based on clinical and im-
aging examination of the shoulder in-
volved. It is believed that the data 
presented, based on a detailed diagnosis, 
were comprehensive enough to estimate 

associations between TMD and RCD.  
Shoulder joint stability is dependent on 

the interactions and balance among multi-

ple joints.
28

 Imbalance between the crani-

um, mandible, and cervical spine as a 
consequence of TMD can affect functional 
postural and orthostatic stability, resulting 

in shoulder overload.
5
 Forward head pos-

ture increases the strain on the posterior 
cervical muscles and on masticatory mus-
cle activity, which in turn causes muscle 
contraction and changes in scapula posi-

tioning with consequent shoulder pain
29

 

and RCD development. However, no pre-
vious study has analyzed the electrophys-
iological behavior of masticatory and 
cervical muscles under the influence of 
comorbid symptoms of TMD and RCD in 
order to elucidate the muscle activity 
interaction.  

In the present study, analysis of the TMJ 

and shoulder muscles showed low EMG 

activity in TMD/RCD affected subjects. 

Several studies have shown that in clench-

ing tasks, greater masticatory muscle ac-

tivity involves greater bite-force generated 

by the elevator muscles and greater TMJ 

loads.
30

 In agreement with another study,
10

 

the present findings showed low functional 

characteristics in masseter and temporal 

muscles of TMD/RCD affected subjects 

under rest and MCE conditions, which would 

suggest a protective mecha-nism for the 

damaged TMJ. It is speculat-ed that the 

specific recruitment of the masseter muscle 

is the result of descend-ing central 

modulation, subsequent to no-ciceptive 

stimuli of the affected TMJ and/ or 

myofascial and/or periodontal nocicep-

tors.
10

 Thus, lower muscle activity could 

also be related to a functional inability to 

activate the muscle ‘motor drive’ due to pain. 

 
Indeed, the cervical muscle EMG showed 

minimal activity of sternocleido-mastoid and 

deltoid muscles in the TMD/ RCD affected 

group. Muscles under ten-sion increase the 

retention of fluids, reduce blood flow, and 

accumulate metabolic  

 
products,

31
 which could explain the lower 

muscle function associated with radiated 
TMJ pain. On the other hand, low activity 
detected by surface EMG could mean that 
muscles are not only less active, but also 
experience incomplete activation.  

Central sensitization has been the focus 
of recent work trying to understand pain 

conditions in comorbid TMD.
32

 Chronic 
nociception and persistent stress can in-
duce central sensitization, sympathetic up-

regulation, and endocrine abnormalities,
33

 

resulting in hyperalgesia.
34

 The depletion 
of hormones and neurotransmitters within 
the hypothalamic–pituitary–adrenal axis 

can lead to depression and fibromyalgia,
34

 
common symptoms of TMD.  

Oestrogen hormone action in the tri-
geminal ganglia, spinal cord, and medulla 
activates nuclear receptors, increasing 
protein transcription and stimulating af-

ferent sensitivity to pain.
35

 Therefore, it 
has been proposed that there is a relation-
ship between circulating oestrogen and 

joint pain,
32

 which is in accordance with 

the related high prevalence of TMD
8
 and 

RCD
9
 in women.  

Endogenous oestrogen may affect the 
bone, cartilage, and related structures of 

the TMJ
36

 and may stimulate the inflam-

matory response, resulting in internal de-

rangement of the joint.
11

 In the present 

study, the prevalence of comorbid TMD 
was analyzed in both sexes, showing no 
statistical sex-related difference between 
subjects. In addition, estradiol levels were 
similar in all groups analyzed, indepen-
dent of gender. However, a limitation of 
this result is that it is derived from a cross-
sectional study and the sex hormones in 
women fluctuate throughout the menstrual 

cycle and over months.
37

 In addition, it is 

important to consider that oestrogen exerts 
its biological effects, in large part, through 
intracellular activation of its receptors and 

through ESRRB binding.
38 

 
ESRRB comprises a group of orphan 

nuclear receptors that act on the establish-
ment and maintenance of steroid produc-

ing tissues.
38

 Its central DNA-binding 
domain is closely related to that of the 

oestrogen receptor.
39

 ESRRB is expressed 
in tissues in which estradiol has important 
physiological functions and shares com-
mon target genes with oestrogen recep-
tors, such as those for osteopontin, 

lactoferrin, and pS2.
17

 It has also been 
identified as an essential cofactor of hyp-
oxia-inducible factor (HIF) in mediating 

adaptation to the hypoxic environment
39

 

and oxygen homeostasis.
40 

 
Recent studies have found evidence that 

classical hypoxia response pathways in 

tendons
41

 and rotator cuffs express high 
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levels of HIF.

40
 These data suggest that 

hypoxia is a relevant damage factor in 
tendon injury, affected by ESRRB, and 
that an appropriate vascular response may 

be essential for normal repair.
40 

 
RCD was recently associated with 

ESRRB CCTTCCAG haplotype in chro-
mosome 14 and suggested as being related 

to tendon degeneration.
9
 However, no pre-

vious study has analyzed ESRRB genetic 
alterations in TMD subjects. In addition, 
despite previous studies showing an asso-
ciation between genetic polymorphism and 
TMD in many marked genes, there have 
been no conclusive results until now.  

Taking into account the possible influ-

ence of ESRRB genetic polymorphism on 

joint degeneration, the present study eval-

uated eight SNPs in the ESRRB gene in 

subjects with and without TMD/RCD. The 

findings clearly showed a significant asso-

ciation between ESRRB polymorphisms and 

TMD and/or RCD. From the total analyzed 

ESRRB SNPs, four regions showed disease 

association. ESRRB rs1676303 

polymorphism was related to RCD, while 

rs6574293 showed a relation-ship with 

TMD. ESRRB rs4903399 poly-morphisms 

were highly incident in subjects showing 

both diseases. In fact, these results show a 

common genetic basis associated with the 

ESRRB gene for TMD and RCD. 

Considering that nuclear receptors are out-

standing for drug discovery, the present 

findings offer insights into the HIF–ESRRB 

pathway for TMD/RCD therapy.  
Investigating the influence of bio-

mechanical factors with respect to these 

disorders is an effort to develop more ef-

fective treatment programs. Particularly, 

for these subjects, the treatment of TMD 

should be part of a multidisciplinary thera-

py, which often requires cooperation be-

tween different medical and dentistry 

specialties. A better knowledge of the bio-

mechanical basis involved in TMD/RCD 

comorbidity may provide new therapeutic 

approaches and timely interventions for 

joint healing. Further studies are necessary 

to elucidate the real physical and 

biological relationships between RCD and 

TMD, in-cluding a similar study involving 

patients attending a dental center. 
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ABSTRACT 

Subjects susceptible to chronic periodontitis (CP) show a high risk for the development of 

peiimplantitis (PI). Both diseases are multifactorial, presenting similarities in their 

pathophysiology and polygenic profile. MMP-13 (matrix metalloproteinases 13/ collagenase 3) 

is a collagenolytic enzyme, which expression is induced by TGF beta 3 (transforming growth 

factor type 3) in human gingival fibroblasts and inhibited by TIMP-2 (tissue inhibitor of 

metalloproteinase type 2). The aim of this study was to investigate the occurrence of 

peiimplantitis (PI) in subjects with history of chronic periodontitis (CP) and polymorphisms 

frequency in MMP13, TIMP2 and TGFB3 genes. One hundred and sixty-three volunteers 

received dental implant placement were submitted to oral and radiographic examination in 

order to identify past history of CP or presence of PI. Volunteers were divided into 4 groups: 

Control (without PI and CP, n=72), CP (with CP and without PI, n=28), PI (with PI and 

without CP, n=28) and diseased (with CP and PI, n=35). The chi-square test correlated 

genotypes in specific regions of MMP13 (rs2252070), TIMP2 (rs7501477) and TGFB3 

(rs2268626) genes, considering the interaction between CP and PI. The results showed that 

volunteers with CP had 3.2 times more susceptibility to develop PI (p=0.0004) compared to 

those without CP. No significant association was observed in MMP13, TIMP2 and TGFB3 genes 

with CP or PI. CP is a risk factor to develop PI, however, there is no association of both 

diseases with polymorphisms in the MMP13, TIMP2 and TGFB3 genes. 

http://www.scielo.br/scielo.php?pid=S0103-64402016000200128&script=sci_arttext#aff1
http://www.scielo.br/scielo.php?pid=S0103-64402016000200128&script=sci_arttext#aff2
http://www.scielo.br/scielo.php?pid=S0103-64402016000200128&script=sci_arttext#aff3
http://www.scielo.br/scielo.php?pid=S0103-64402016000200128&script=sci_arttext#aff3
http://www.scielo.br/scielo.php?pid=S0103-64402016000200128&script=sci_arttext#aff3
http://www.scielo.br/scielo.php?pid=S0103-64402016000200128&script=sci_arttext#aff3
http://www.scielo.br/scielo.php?pid=S0103-64402016000200128&script=sci_arttext#aff1
http://www.scielo.br/scielo.php?pid=S0103-64402016000200128&script=sci_arttext#aff1
http://www.scielo.br/scielo.php?pid=S0103-64402016000200128&script=sci_arttext#aff4
http://www.scielo.br/scielo.php?pid=S0103-64402016000200128&script=sci_arttext#aff5
http://www.scielo.br/scielo.php?pid=S0103-64402016000200128&script=sci_arttext#aff6
http://www.scielo.br/scielo.php?pid=S0103-64402016000200128&script=sci_arttext#aff1
http://www.scielo.br/scielo.php?pid=S0103-64402016000200128&script=sci_arttext#aff7
http://www.scielo.br/scielo.php?pid=S0103-64402016000200128&script=sci_arttext#aff8
http://www.scielo.br/scielo.php?pid=S0103-64402016000200128&script=sci_arttext#aff9
http://www.scielo.br/scielo.php?pid=S0103-64402016000200128&script=sci_arttext#aff6
http://www.scielo.br/scielo.php?pid=S0103-64402016000200128&script=sci_arttext#aff1
http://www.scielo.br/scielo.php?pid=S0103-64402016000200128&script=sci_arttext#aff10


 128 

Key words: dental implants; chronic periodontitis; genetic polymorphism. 

RESUMO 

Indivíduos susceptíveis à periodontite crônica (CP) apresentam alto risco para o 

desenvolvimento de periimplantite (PI). Ambas doenças são multifatoriais e apresentam 

similaridades na patofisiologia e perfil poligênico. A MMP-13 (metaloproteinase da matriz tipo 

13) é uma enzima colagenolítica cuja expressão é induzida por TGF beta 3 (fator 

transformador do crescimento tipo 3) nos fibroblastos gengivais humanos e inibida por TIMP-2 

(inibidor tecidual de metaloproteinase tipo 2). O objetivo deste estudo foi investigar a 

ocorrência de periimplantite em sujeitos com periodontite crônica e a frequência dos 

polimorfismos nos genes MMP13, TIMP2 e TGFB3. Cento e sessenta e três voluntários 

submetidos à instalação de implantes endósseos foram analisados clínica e radiograficamente 

quanto à presença de histórico de CP e PI, sendo divididos em 4 grupos: Controle (sem 

história de CP e PI, n=72), CP (com CP e sem PI, n=28), PI (com PI e sem CP, n=28) e 

Doentes (com CP e PI, n=35). O teste do qui-quadrado correlacionou os genótipos nas 

regiões dos genes MMP13 (rs2252070), TIMP2 (rs7501477) e TGFB3 (rs2268626), 

considerando a interação entre CP e PI. Os resultados mostraram que voluntários com CP 

possuem 3.2 vezes mais chances de desenvolver PI (p=0.0004) comparados aos sem CP. 

Nenhuma associação significativa foi observada entre os genes MMP13, TIMP2 e TGFB3 e CP 

ou PI. A CP é um fator de risco ao desenvolvimento de PI, no entanto, não há associação 

entre ambas as doenças com polimorfismos nos genes MMP13, TIMP2 e TGFB3. 

INTRODUCTION 

The increased failure rate in implant dentistry is associated with the development of 

periimplant disease (PID)1. The main causes of PID have been attributed to 

biomechanical failure resulting from bacterial infection and occlusal overload, in which 

the main risk factors are poor oral hygiene, smoking, diabetes mellitus, as well as 

periodontitis. The implant success rate in patients without a history of periodontitis is 

96.5%, whereas in patients with a history of periodontitis it is 90.5% 1,2. 

Microbial etiology of PID is closely related to the microbiota associated with chronic 

periodontitis (CP). However, the individual's immune response to bacterial insult is 

responsible for the development or cessation of the disease, including a profile of the 

immune response regulated by different cytokines 3. Increased levels of 

immunoregulatory molecules, such as IL-1-b (interleukin-1 beta), IL-6 (interleukin-6), 

TNF (tumor necrosis factor) and PGE2 (prostaglandin E2), have been observed in 

periodontitis and periimplantitis sites compared with healthy sites 4,5,6. 

Overexpression of these cytokines may result in the destruction of mineralized and/or 

non-mineralized tissues through autocrine or paracrine induction. This stimulates other 

biological mediators such as matrix metalloproteinases (MMPs) 7 family, which is 

composed of 23 enzymes able of degrading most extracellular matrix (ECM) proteins, 

including native and denatured collagen 7,8. 

MMP-13 (collagenase-3) is the third member of collagenase subfamily of MMPs and it is a 

potent gelatinolytic and collagenolytic enzyme 8 expressed by different cell types, like 

fibroblasts in different anatomical sites, chondrocytes, osteoblasts, dental pulp cells and 

endothelial cells 9,10. 

The activity of these MMPs is primarily controlled by tissue inhibitors, known as TIMPs, 

which have an N-terminal domain able to inhibit MMPs. The balance between MMPs and 

TIMPs determines the degree of ECM degradation, together with hormones, oncogenic 

products, pro- and anti-inflammatory cytokines and growth factors 10,11. 
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TGF-beta is among the main growth factors involved in the regulation of ECM in the 

periodontal tissue and it has shown to block or initiate cell differentiation and migration, 

becoming overexpressed after placement of endosseous implants. TGF-beta 3 has a 

central role in fibroblastic proliferation and differentiation, stimulating collagen 

deposition 12. 

TGF-beta is able to induce the expression of MMP-13 in human gingival fibroblasts in 

wound healing, by a cascade of mitogen-activated protein kinases (MAPK), p38 and 

complex AP-1 (activating protein-1). This suggests that MMP-13 plays an important role 

in the rapid remodeling of the extracellular matrix collagen during repair of periodontal 

lesions 9. In addition, the inflammatory process is controlled by genetic factors. Recent 

studies have focused on the individual genetic pattern to explain the common etiology of 

periodontitis and periimplantitis, but have yielded conflicting results and limited analyses 

of specific regions in a single gene 5. 

Taking into account that homeostasis is regulated by MMP-13 and considering its 

regulators in the mineralized and non-mineralized tissues, the aim of this study was to 

evaluate the occurrence of periimplantitis (PI) in subjects with history of chronic 

periodontitis (CP) and its interaction with polymorphisms in MMP13, TIMP2 and TGFB3 

genes. 

MATERIAL AND METHODS 

Volunteer Selection 

One hundred and sixty-three individuals, presenting 587 osseointegrated endosseous 

implants, were selected for this cross-sectional study over the course of one year at the 

Dental Implantology Clinic of the Dental School at the Universidade Federal Fluminense, 

Niterói, RJ, Brazil. The clinical procedures were conducted in accordance with the 

recommendations from the University Research Ethics Board (Registration number 

286.354). Informed consent was obtained from all participants. Volunteers answered a 

personal, medical and dental history anamnesis. The exclusion criteria were: implant 

failure (pathologic bone loss, implant mobility or implant loss) before the 

osseointegration period (3 months for mandible and six months for maxilla), 

bisphosphonate use, pregnancy and/or lactation in female volunteers, lack of 

preoperative radiography, one stage or immediate implant placement, concurrent bone 

grafting required, early implant exposure during osseointegration period, non-treated 

periodontitis and non-compliance with study protocol. The inclusion criteria were as 

follows: at least one osseointegrated endosseous implant, immediate postoperative 

radiography showing the vertical bone level around implant to compare bone level after 

the osseointegration period, periapical radiography showing periodontal status before 

implant placement, and annual follow-up clinical and radiographic examinations. All 

implants were placed in a submerged healing modality (two-stage concept) in sites that 

had previously shown favorable bone quality and quantity. 

Diagnosis of Periimplantitis 

All periimplant regions were clinically and radiographically evaluated. Clinical examination 

of the periimplant sites consisted of visual inspection and palpation, analysis of mucosa 

inflammation, probing pocket depth, bleeding on probing and spontaneous bleeding on 

four surfaces (mesial, buccal, distal and lingual/palatine), presence of plaque, periimplant 

phenotype, implant mobility (any mobility during percussion test), osseointegration 

period and implant platform configuration. Conventional periapical radiography, using the 

paralleling technique, was used to assess the vertical bone loss around the implants 

measuring the height of periimplant bone and comparing it with the initial radiography 
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taken immediately after implant placement. According to the clinical and radiographic 

characteristics of the periimplant sites, volunteers were characterized as having healthy 

sites - no clinical signs of inflammation in the periimplant mucosa and no signs of bone 

loss - or periimplantitis with radiographic signs of pathologic bone loss in at least one 

region. Physiological bone loss was characterized considering as normal bone loss of 1 

mm during the first year following implant placement and 0.2 mm for subsequent years. 

According to the implant osseointegration period, the total amount of bone loss was 

calculated based on the difference between immediate postoperative radiography and 

diagnosis radiography (at the moment of periimplant examination). If total bone loss was 

more than 1 mm and 0.2 mm per year, the volunteer was diagnosed with periimplantitis. 

Diagnosis of Chronic Periodontitis 

Volunteers were characterized as healthy (without history of chronic periodontitis) or 

having chronic periodontitis (with a history of chronic periodontitis). 

The diagnosis of chronic periodontitis was established on radiographic parameters, 

including periapical radiographic analysis showing horizontal bone resorption before 

implant placement and assessment of clinical examination and past dental history, to 

differentiate chronic from aggressive periodontitis. 

Diagnosis and classification of generalized chronic periodontitis was based on 

Armitage 13. All volunteers diagnosed with chronic periodontitis have been treated and 

were under regular follow-up care. 

Based on periimplant and periodontal status, volunteers were divided into the following 

groups: healthy - control group (no history of chronic periodontitis and periimplantitis, 

n=72); and test-case groups: disease (with a history of chronic periodontitis and 

periimplantitis, n=35); chronic periodontitis (chronic periodontitis history without 

periimplantitis, n=28) and periimplantitis (with periimplantitis without chronic 

periodontitis, n=28). 

Single Nucleotide Polymorphism Genotyping 

Genomic DNA was obtained from saliva samples, as previously described 14. The amount 

and purity of the DNA was determined by the spectrophotometer (Nanodrop(r) 1000; 

Thermo Scientific, Wilmington, DE, USA). Only DNA samples presenting 

A260nm/A280nm ratio greater than 1.8 were used. All examiners at the laboratories 

were blinded to the group assignment. Analyses for the presence of polymorphism in the 

MMP13 (rs2252070), TIMP2 (rs7501477) and TGFb3 (rs2268626) (Table 1) 

Table 1 Characteristics from polymorphic regions  

 

http://www.scielo.br/scielo.php?pid=S0103-64402016000200128&script=sci_arttext#B13
http://www.scielo.br/scielo.php?pid=S0103-64402016000200128&script=sci_arttext#B14
http://www.scielo.br/scielo.php?pid=S0103-64402016000200128&script=sci_arttext#t1
http://www.scielo.br/img/revistas/bdj/v27n2/1806-4760-bdj-27-02-00128-gt1.png
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genes were performed from the reactions of real-time polymerase chain reactions using 

the Taqman assay (Stratagene Mx3005P; Agilent Technologies, Santa Clara, CA, USA). 

Primers, probes and the universal master mix were provided by Applied Biosystems 

(Foster City, CA, USA). 

Statistical Analyses 

Nominal variables were expressed as frequencies and percentages. To access the 

significance of nominal variables among the groups, the chi-square (χ2) test was applied. 

Continuous variables were expressed as means and standard deviations. After the 

Shapiro-Wilk test evaluated the distribution among variables, analysis of variance 

(ANOVA), t-test or Mann-Whitney tests were used to compare means among the groups, 

when the variables presented normal or non-normal distribution. Differences in the 

prevalence of genotypes and alleles among the groups were analyzed using the Pearson 

chi-square (χ2) test after fitting for Hardy-Weinberg equilibrium. Values of p<0.05 were 

considered statistically significant. Statistical analyses were performed using Stata 11.1 

(StataCorp, College Station, TX, USA). 

RESULTS 

One hundred sixty-three volunteers were evaluated over the course of one year. The 

sample consisted of 110 (67.5%) females and 53 (32.5%) males, with a mean age of 

55.4 ±13.2 years. No difference was found among the test groups (diseased; chronic 

periodontitis only; periimplantitis only) compared with the control group regarding the 

ethnic group, age, gender and smoking habits. In contrast, comparing with the control 

volunteers, the prevalence of diabetes showed a higher incidence (8.6%) in the diseased 

group (p=0.06) (Table 2). 

Table 2 Baseline characteristics from volunteers included in the study  

http://www.scielo.br/scielo.php?pid=S0103-64402016000200128&script=sci_arttext#t2
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CI: confidence interval. 

Taking into account the periimplant status (Table 3), 

Table 3 Periimplant status of the studied population  

http://www.scielo.br/img/revistas/bdj/v27n2/1806-4760-bdj-27-02-00128-gt2.jpg
http://www.scielo.br/scielo.php?pid=S0103-64402016000200128&script=sci_arttext#t3
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Plaque accumulation around implant was highly prevalent in all test groups compared 

with control (p<0.01). In addition, spontaneous bleeding was significantly higher in the 

diseased (p=0.01) and the periimplantitis (p=0.004) groups, as well as bleeding on 

probing (p<0.0001). A tendency for higher probing pocket depth was also observed in 

the diseased group (p=0.05). Considering the platform type of implant, there was no 

difference among groups. However, volunteers with history of CP showed 3.2 times more 

chance of developing PI than volunteers without CP history (Table 4). 

Table 4 Correlation between history of chronic periodontitis and periimplantitis  

http://www.scielo.br/img/revistas/bdj/v27n2/1806-4760-bdj-27-02-00128-gt3.jpg
http://www.scielo.br/scielo.php?pid=S0103-64402016000200128&script=sci_arttext#t4
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CI: confidence interval. 

Genotype distributions were within Hardy-Weinberg equilibrium analyses (data not 

shown). All genotypes and allele frequencies were compared between control group and 

each test group to further clarify the results. Genotypes and allele frequencies for MMP13 

(rs2252070), TIMP2 (rs7501477) and TGFB3 (rs2268626) showed no association with 

test groups (Table 5). When adjusted by age (data not shown), the results were similar 

for all genotype associations. 

Table 5 Allele and genotype frequencies of SNP markers  

http://www.scielo.br/img/revistas/bdj/v27n2/1806-4760-bdj-27-02-00128-gt4.jpg
http://www.scielo.br/scielo.php?pid=S0103-64402016000200128&script=sci_arttext#t5
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DISCUSSION 

Based on the previously established relationship between periimplantitis and chronic 

periodontitis 2, the aim of this study was to investigate the association between genetic 

information contained in the DNA, considering the MMP13, TIMP2 and TGFB3 genes, 

involved in the homeostasis of ECM, with the development of periimplantitis in volunteers 

with a history of chronic periodontitis. The results showed that, despite the clinical 

differences observed among groups, polymorphisms in the MMP13, TIMP2 and TGFB3 

genes have no association with both diseases. 

These results also showed the association among several risk factors for periodontitis, 

already established in the literature, like diabetes 15) and plaque accumulation 1 in 

volunteers with periimplantitis. This association may indicate that, as in periodontitis, 

external factors have direct influence in the spread of periimplantitis, irrespective the 

history of chronic periodontitis. 

http://www.scielo.br/img/revistas/bdj/v27n2/1806-4760-bdj-27-02-00128-gt5.jpg
http://www.scielo.br/scielo.php?pid=S0103-64402016000200128&script=sci_arttext#B2
http://www.scielo.br/scielo.php?pid=S0103-64402016000200128&script=sci_arttext#B15
http://www.scielo.br/scielo.php?pid=S0103-64402016000200128&script=sci_arttext#B1
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There is a predominance of anaerobic bacteria in periimplant plaque accumulation, as 

well as CP, such asPorphyromonas gingivalis, Aggregatibacter actinomycetemcomitans, 

Prevotella intermedia, Treponema denticolaand Tannerella forsythenses16,17, which cause 

apical spread of infection and culminate in the loss of surrounding bone through 

mechanisms similar to the ones that destroy ECM. This exaggerated immune response, 

mediated by T helper cells 1 (Th1) or Th2 cells, will determine the stability or progression 

of the lesion. However, considering that the periimplant tissue has anatomical differences 

and particularities that anatomically distinguish it from the periodontium, the presence of 

pathogens in the periimplant tissue results in the disruption of the mucosal seal, 

considered as the only physical barrier against bacterial penetration, leading to the rapid 

extension of the pathological pocket to the bone tissue 18. 

The periimplant mucosa is less capable of recovering from lesions associated with plaque 

than the gingiva 18,19. However, most of the volunteers who received implants have a 

history of periodontitis and, therefore, a destructive inflammatory tissue response as 

consequence of microbiota changes. This immune response may lead to a higher 

incidence of periimplant bone loss (periimplantitis) observed in subjects with CP, as 

demonstrated in the present research. 

This excessive destruction of connective tissue components plays a role in the loss of 

functional tissue architecture 7. Within this context, the equilibrium in the activity of 

MMPs, controlled primarily by protein tissue inhibitors (TIMPs), represent a crucial aspect 

for the maintenance of the ECM homeostasis 20 in the periimplant soft tissue, as response 

to the presence of pathogens. MMP-13 has a high ability to digest type II collagen and its 

gelatinase activity is 40-fold greater than MMP-1 and MMP-8 20. The presence of protein 

derived from P. gingivalis is able to decrease the amount of TIMP-2, a potential regulator 

of MMP-13, suggesting that this may be a pathological mechanism that promotes tissue 

destruction. Furthermore, TIMP-2 has erythroid- and mitogenic-potentiating activity, but 

its overexpression reduces the growth of tumor cells 21, which justifies its reduction to be 

associated with ECM tissue destruction by MMPs. 

On the other hand, TGF beta may induce the expression of MMP-13 in human gingival 

fibroblasts reducing the expression of TIMP-2 22. Therefore, changes in the levels of these 

molecules may offer greater protection or susceptibility to periimplantitis. Genetic 

modifications may be associated to a greater or lesser degree with the production of 

these molecules, or interfere in their physiology 5. 

Polymorphism in the MMP13 gene was previously associated with the development of 

colorectal cancer, aneurysm of the abdominal aorta, tooth agenesis and caries 11,23. In 

addition, polymorphisms in the TGFB3 gene were associated with non-syndromic cleft lip 

and development of tooth agenesis 24. Some studies have shown a clear association 

between various genetic polymorphisms, including IL-6 gene with PID 5 and 

periodontitis 25, but so far no studies have correlated the presence of comorbid history of 

CP with PID and polymorphisms in genes associated with ECM homeostasis 

This study evaluated for the first time the biological relationship between CP and PI 

considering polygenic profile in MMP3, TIMP2 and TGFB3. Despite having found no 

genetic predisposition associated with both diseases, the authors state that CP is a risk 

factor for PI development. In order to investigate the central role of this pathway in 

periodontitis and periimplantitis pathogenesis, further studies analyzing gene expression 

and protein levels from gingival and bone tissues in a bigger sample size should be 

encouraged. The findings of this study leads to the belief that novel methods, such as 

gene therapy (with local or systemic applications) and tissue engineering, may be 

developed for implant dentistry based on genetic response. 

http://www.scielo.br/scielo.php?pid=S0103-64402016000200128&script=sci_arttext#B16
http://www.scielo.br/scielo.php?pid=S0103-64402016000200128&script=sci_arttext#B17
http://www.scielo.br/scielo.php?pid=S0103-64402016000200128&script=sci_arttext#B18
http://www.scielo.br/scielo.php?pid=S0103-64402016000200128&script=sci_arttext#B18
http://www.scielo.br/scielo.php?pid=S0103-64402016000200128&script=sci_arttext#B19
http://www.scielo.br/scielo.php?pid=S0103-64402016000200128&script=sci_arttext#B7
http://www.scielo.br/scielo.php?pid=S0103-64402016000200128&script=sci_arttext#B20
http://www.scielo.br/scielo.php?pid=S0103-64402016000200128&script=sci_arttext#B20
http://www.scielo.br/scielo.php?pid=S0103-64402016000200128&script=sci_arttext#B21
http://www.scielo.br/scielo.php?pid=S0103-64402016000200128&script=sci_arttext#B22
http://www.scielo.br/scielo.php?pid=S0103-64402016000200128&script=sci_arttext#B5
http://www.scielo.br/scielo.php?pid=S0103-64402016000200128&script=sci_arttext#B11
http://www.scielo.br/scielo.php?pid=S0103-64402016000200128&script=sci_arttext#B23
http://www.scielo.br/scielo.php?pid=S0103-64402016000200128&script=sci_arttext#B24
http://www.scielo.br/scielo.php?pid=S0103-64402016000200128&script=sci_arttext#B5
http://www.scielo.br/scielo.php?pid=S0103-64402016000200128&script=sci_arttext#B25
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It is possible to conclude that chronic periodontitis is a risk factor for periimplantitis. 

However, polymorphisms in MMP13, TIMP2 and TGFB3 are not associated with the 

development of periimplantitis. 

ACKNOWLEDGEMENTS 

The authors gratefully thank the assistance of all Department of Oral Biology at the 

University of Pittsburgh and Fundação Carlos Chagas Filho de Amparo à Pesquisa do 

Estado do Rio de Janeiro. 

REFERENCES 

1 Lindhe, J; Meyl, J. Peri-implant diseases: Consensus Report of the Sixth European 

Workshop on Periodontology. J Clin Periodontol 2008;35(Suppl. 8):282-285. [ Links ] 

2 Casado, PL; Pereira, MC; Duarte, MEL; Granjeiro, JM. History of chronic periodontitis is 

a high risk factor for peri-implant disease. Braz Dent J 2013;24:134-141. [ Links ] 

3. Heitz-Mayfield, LJA. Peri-implant diseases: diagnosis and risk indicators. J Clin 

Periodontol 2008;35:292-304. [ Links ] 

4. Casado, PL; Canullo, L; Filardy, AA, Granjeiro, JM; Barboza, EP; Duarte, MEL. 

Intreleukins 1B and 10 expressions in the periimplant crevicular fluid from volunteers 

with untreated periimplant disease. Implant Dent 2013;22:1-8. [ Links ] 

5. Casado, PL; Villas-Boas, R; Mello, W; Duarte, MEL; Granjeiro, JM. Peri-implant disease 

and chronic periodontitis: is interleukin-6 gene promoter polymorphism a common risk 

factor in a Brazilian population? Int J Oral Maxillofac Implant 2013;28:35-43. [ Links ] 

6. Gorska, R; Gregorek, H; Kowalski, J; Laskus-Perendyk, A; Syczewska, M; Madalinski, 

K. Relationship between clinical parameters and cytokine profiles in inflamed gingival 

tissue and serum samples from volunteers with chronic periodontitis. J Clin Periodontol 

2003;30:1046-1052. [ Links ] 

7. Graves, DT; Cochran, D. The contribution of interleukin-1 and tumor necrosis factor to 

periodontal tissue destruction. J Periodontol 2003;74:391-401. [ Links ] 

8. Knäuper, V; López-Otín, C; Smith, B,; Knight, G; Murphy, G. Biochemical 

characterization of human collagenase-3. J Biol Chem 1996;271:1544-1550. [ Links ] 

9. Ravanti, L; Häkkinen, L; Larjava, H; Saarialho-Kere, U; Foschi, M; Han, J; et al.. 

Expression of human collagenase-3 (MMP-13) by fetal skin fibroblasts is induced by 

transforming growth factor beta via p38 mitogen-activated protein kinase. FASEB J 

2001;15:1098-1100. [ Links ] 

10. Visse, R,; Nagase, H. Matrix metalloproteinases and tissue inhibitors of 

metalloproteinases: structure, function, and biochemistry. Circ Res 2003;92:827-839. 

[ Links ] 

11. Van Nguyen, S; Skarstedt, M; Lofgren, S; Zar, N; Andersson, RE; Lindh, M; et al.. 

Gene polymorphism of matrix metalloproteinase-12 and -13 and association with 

colorectal cancer in Swedish volunteers. Anticancer Res 2013;33:3247-3250. [ Links ] 

javascript:void(0);
javascript:void(0);
javascript:void(0);
javascript:void(0);
javascript:void(0);
javascript:void(0);
javascript:void(0);
javascript:void(0);
javascript:void(0);
javascript:void(0);
javascript:void(0);


 138 

12. Papakonstantinou, E; Aletras, AJ; Roth, M; Tamm, M; Karakiulakis, G. Hypoxia 

modulates the effects of transforming growth factor-beta isoforms on matrix-formation 

by primary human lung fibroblasts. Cytokine 2003;24:25-35. [ Links ] 

13. Armitage, GC. Periodontal diagnoses and classification of periodontal diseases. 

Periodontol 20002004;34:9-21. [ Links ] 

14. Küchler, EC; Tannure, PN; Falagan-Lotsch, P; Lopes, TS; Granjeiro, JM; Amorim, 

LMF. Buccal cells DNA extraction to obtain high quality human genomic DNA suitable for 

polymorphism genotyping by PCR-RFLP and Real-Time PCR. J Appl Oral Sci 2012;20:467-

471. [ Links ] 

15. Ferreira, S; Silva, G; Cortelli, J; Costa, J; Costa, F. Prevalence and risk variables for 

peri-implant disease in Brazilian volunteers. J Clin Periodontol 2006;33:929-935. 

[ Links ] 

16. Hultin, M; Gustafsson, A; Hallstrom, H; Johansson, LA; Ekfeldt, A; Klinge, B. 

Microbiological findings and host response in volunteers with peri-implantitis. Clin Oral 

Impl Res 2002;13:349-58. [ Links ] 

17. Mayanagi, G; Sato, T; Shmauchi, H; Takahash, N. Detection frequency of 

periodontitis-associated bacteria by polymerase chain reaction in subgingival and 

supragingival plaque of periodontitis and healthy volunteers. Oral Microb Immunol 

2004;19:379-385. [ Links ] 

18. Ericsson, L; Berglundh, T; Marinello, C; Lijenberg, B; Lindhe, J. Long-standing plaque 

and gingivitis at implants and teeth in the same dog. Clin Oral Implants Res 1992;3:99-

103. [ Links ] 

19. Lindhe, J; Berglundh, T; Ericsson, J; Lijenberg, B; Marinello, C. Experimental 

breakdown of peri-implant and periodontal tissues. Clin Oral Implants Res 1992;3:9-16. 

[ Links ] 

20. Uchida, M; Shima, M; Shimoaka, T; Fujieda, A; Obara, K; Suzuki, H; et al.. 

Regulation of matrix metalloproteinases (MMPs) and tissue inhibitors of 

metalloproteinases (TIMPs) by bone resorptive factors in osteoblastic cells. J Cell Physiol 

2000;185:207-214. [ Links ] 

21. Nagase, H; Woessner, JF Jr. Matrix metalloproteinases. J Biol Chem 

1999;274:21491-21494. [ Links ] 

22. Eickelberg, O; Kohler, E; Reichenberger, F; Bertschin, S; Woodtli, T; Erne, P; et al.. 

Extracellular matrix deposition by primary human lung fibroblasts in response to TGF-

beta1 and TGF-beta3. Am J Physiol 1999;276:L814-L824. [ Links ] 

23. Antunes, LS; Kuchler, EC; Tannure, PN; Dias, JB; Ribeiro, VN; et al.. Genetic 

variations in MMP9 and MMP13 contribute to tooth agenesis in a Brazilian population. J 

Oral Science 2013;55:281-286. [ Links ] 

24. Antunes, LS; Küchler, EC; Tannure, PN; Lotsch, PF; Costa, MC; Gouvêa, CV; et al.. 

TGFB3 and BMP4 polymorphism are associated with isolated tooth agenesis. Acta Odontol 

Scand 2012;70:202-206. [ Links ] 

javascript:void(0);
javascript:void(0);
javascript:void(0);
javascript:void(0);
javascript:void(0);
javascript:void(0);
javascript:void(0);
javascript:void(0);
javascript:void(0);
javascript:void(0);
javascript:void(0);
javascript:void(0);
javascript:void(0);


 139 

25. Shih, YS; Fu, E; Fu, MM; Lin, FG; Chiu, HC; Shen, EC; et al.. Association of CCL5 and 

CCR5 gene polymorphisms with periodontitis (in Taiwanese). J Periodontol 2014;14:1-14. 

[ Links ] 

Received: October 23, 2015; Accepted: February 11, 2016 

Correspondence: Profa. Dra. Priscila Ladeira Casado. Rua Mario Santos Braga, 28 Centro, 

Niterói Campus do Valonguinho. CEP :24020-140. Tel: 2629-9901 E-

mail: plcasado@hotmail.com 

javascript:void(0);
mailto:plcasado@hotmail.com


 140 

 
Artigo publicado no peródico Brazilian Dental Journal  
(2016) 27(4): 367-374  
http://dx.doi.org/10.1590/0103-6440201600899 
 
 
Brazilian Dental Journal (2016) 27(4): 367-374  
http://dx.doi.org/10.1590/0103-6440201600899 
 

Haplotypes in BMP4 and FGF Genes 

Increase the Risk of Peri-Implantitis 
Renata Barboza Coelho

1
, Roberto Gonçalves Junior

1
, Ricardo de 

Mello Villas-Boas
1
, Leticia Ladeira Bonato

1
, Valquiria Quinelato

1
, 

Aristides da Rosa Pinheiro
2
, Aldir Machado

2
, Carlos Henrique 

Ramirez Nunes
1
, Rackel Gonçalves

1
, Alexandre Resende Vieira

3
, 

José Mauro Granjeiro
4
, Priscila Ladeira Casado

5 

 
Despite the success of osseointegrated implants, failures have increased significantly, associated 

with development of peri-implantitis. Multiple factors influence the peri-implant bone loss, including 

environmental and genetic causes. BMPs (Bone morphogenetic proteins) are growth factors that 

induce bone formation. FGF (fibroblast growth factors) and their receptors (FGFRs) play important 

roles by controlling the levels of cell proliferation, differentiation and migration. BMP/FGF relationship 

is responsible for promoting bone regeneration and bone loss. The aim of this study was to analyze 

the correlation between BMP4, FGF3, FGF10 and FGFR1 genes and peri-implant bone loss. Two 

hundred and fifteen volunteers, with 754 dental implants, were submitted to oral examination and 

divided in healthy group (n=129) and peri-implantitis group (n=86). Thirteen polymorphisms in 

BMP4, FGF3, FGF10 and FGFR1 genes were analyzed individually and in haplotype. The chi-

square test correlated genotypes, allelic and haplotype frequencies. Values of p<0.05 were 

considered significant. Volunteers with peri-implantitis demonstrated high incidence of total 

edentulism (p<0.0001) and thin peri-implant phenotype (p<0.04). Higher incidence of spontaneous 

bleeding, plaque and implant mobility was observed in peri-implantitis group (p<0.0001 for all). The 

TT polymorphic genotype for BMP4 rs2761884 was associated with healthy peri-implant (p=0.01). 

FGF3 rs4631909 (TT+CT genotype) also showed association with the control group (p=0.04). The 

frequency of C allele for FGF3 rs4631909 showed a tendency for association with peri-implantitis 

(p=0.08). FGF10 CCTG (p=0.03), BMP4 GAAA (p=0.05) and GGGA (p=0.02) haplotypes were 

associated with peri-implantitis (p=0.03). Therefore, it may be concluded that BMP4 and FGF10 

haplotypes are associated with peri-implantitis. 
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Introduction  
Osseointegrated oral implants have been widely used 

as first-line therapy in cases of total or partial dental arch 

rehabilitation (1). However, despite the reported high 

success rate, failures in implant dentistry have a significant 

increase because of peri-implantitis development, 

characterized by the pathological resorption of adjacent 

bone to the endosseous implant and may result in implant 

loss (2). This process of bone loss is influenced by a 

multitude of factors, some of which are understood while 

others are still unknown and share several environmental 

and genetic causes (3). Recent studies have associated 

peri-implantitis with the host’s destructive inflammatory 

response characterized by the high expression of 

proinflammatory cytokines and osteoclast activation (4). 
 

In bone repair, the biological response to bacterial or 

traumatic tissue damage can result in wound healing or 

culminate in advanced bone loss. Hematoma formation 

during bone regeneration is the basis for bone repair. The 

release of growth factors, including platelet-derived growth 

factors (PDGF), tumor growth factor type-β (TGF-β), 

interleukins (IL) 1 and 6, during inflammatory response 

increase osteoprogenitor cells and fibroblasts proliferation 

 
 
and are associated with bone morphogenetic proteins 

(BMP) and fibroblast growth factors (FGF) expressions. As 

the hematoma matures, a collagen matrix develops with 

neovascularization, providing a scaffold for these cells (5). 

When this regenerative ability fails to maintain 

osseointegration by a cascade of bone remodeling 

processes, the stimulation of bacterial presence associated 

with intrinsic factors triggers pathological bone loss (6). 
 

BMPs (bone morphogenetic proteins) are growth 

factors and belong to the TGF-β superfamily located in 

chromosome 14q22-23, originally discovered due to their 

ability of inducing bone formation and cartilage. BMPs 

are pivotal in building a group of morphogenetic signals 

orchestrating tissue architecture throughout the body (7). 

Recent research shows that the highest concentration of 

BMPs is in articular cartilage, osteoblasts, osteoclasts 

and osteoprogenitor cells (8,9). BMP-4 is essential for 

the skeletal development during embryogenesis and its 

expression increases in adulthood during fracture 

healing. At the molecular level, specific genetic variants 

of BMP4 are associated with the risk of decreased bone 

density of the hip in postmenopausal women (10).  
FGF and their receptors (FGFRs) play important roles in 

http://dx.doi.org/10.1590/0103-6440201600899
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morphogenesis and organogenesis by controlling the levels of 

cell proliferation, differentiation, migration, adhesion and death 

(11).  
The combination of angiogenic and osteogenic growth 

factors such as BMP/TGF- β and BMP/FGF is able to 

promote bone regeneration by enhancing osseointegration 

in vivo. The antagonism between BMP and FGF contributes 

to healing in bone lesions. FGFR-1 is a positive regulator of 

bone formation and interacts with FGF3 and FGF10 

promoting angiogenesis and fracture healing (12,13). 
 
 The variation in severity during peri-implantitis 

 development, observed among volunteers that underwent 

 similar environmental factors, suggests that the genetic 

 aspects of peri-implantitis need to be investigated to 

 understand the regulation in the pathogenesis associated 

 with this disease (3). Therefore, considering the interaction 

 and modulation of the BMP/FGF axis during bone 

 remodeling, the study hypothesis was that the process of 

 peri-implantitis may be related to genetic alterations in the 

 BMP and FGF families. Thus, the aim of this study was to 

 analyze the correlation between genetic polymorphisms in 

 BMP4, FGF3, FGF10 and FGFR1 and the bone loss process 

et
 a

l.
 

around dental implant. 

Material and Methods 
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Volunteers 

This is an observational, cross-sectional and double- 

R
. 

blinded study. Two hundred and fifteen volunteers, with  

 754 dental implants, were enrolled for the study from the 

 pool of the patients attended at the Dental Implantology 

 Clinic of the School of Dentistry at UFF, Brazil, over a course 

 of one year. The clinical procedures were conducted in 

 accordance with the recommendations of the local Research 

 Ethics Committee (Registration number 238/10). The term 

 of informed consent was obtained from all participants. 

 The initial clinical parameters of the volunteers are in 

 Table 1. All participants provided their medical and dental 

 history (Table 2) and reported smoking habits. The exclusion 

 criterion was implant failure (pathologic bone loss, implant 

 mobility or implant loss) before the osseointegration period 

 (3 months for mandible and six months for maxillary), 

 bisphosphonate use, pregnancy and/or lactation in female 

 volunteers, no preoperative radiography, one stage or 

 immediate implant placement, concurrent bone grafting 

 required, early implant exposure during osseointegration 

 period, non-treated periodontitis and non-compliance with 

 study protocol. The inclusion criteria were as follows: at 

 least one osseointegrated endosseous implant, immediate 

 postoperative radiography showing the vertical bone 

 level around implant to compare bone level after the 

 osseointegration period, periapical radiography showing 

 periodontal status before implant placement, and annual 

 
 
 
follow-up clinical and radiographic examinations. All 

implants were placed in a submerged healing modality 

(two-stage concept) in sites that had previously showed 

favorable bone quality and quantity (14). 

 
Diagnosis of Peri-implantitis  

Peri-implant sites were submitted to clinical examination 

based on Junior et al. (14), which consisted of visual 

inspection and palpation, analysis of mucosa inflammation, 

probing pocket depth, bleeding on probing and spontaneous 

bleeding in four aspects (mesial, buccal, distal and lingual/ 

palatine), presence of plaque, peri-implant phenotype, 

implant mobility (any mobility during percussion test), 

osseointegration period and implant platform type. 

Conventional periapical radiography, using the paralleling 

technique, was used to assess the presence of vertical 

bone loss around the implants by measuring the height of 

peri-implant bone and comparing it with the initial 

radiography taken immediately after implant placement. 

According to the clinical and radiographic characteristics of 

the peri-implant sites, volunteers were characterized as 

having healthy sites - no clinical signs of inflammation in the 

peri-implant mucosa and no signs of bone loss – or peri-

implantitis with radiographic signs of pathologic bone loss in 

at least one region. Physiological bone loss was 

characterized considering a normal bone loss of 1 mm 

during the first year following implant placement and 0.2 
 
P. for subsequent years. The diagnosis of peri-

implantitis was based on radiographic bone level. If the 

total bone loss was higher than 1 mm and 0.2 mm per 

year, the volunteer was diagnosed with peri-implantitis. 

 
Selection of Single Nucleotide Polymorphism 

(SNP) and Genotyping  
DNA from all participants was extracted from buccal 

cells after vigorously rinsing with 5 mL of saline solution for 

60 s, as described previously (15). A NanoDrop 

spectrophotometer (Thermo Scientific, Wilmington, DE, 

USA) was used to determine the amount and purity of the 

DNA. Only DNA samples showing A260 nm/A280 nm ratios 

greater than 1.9 were used. All procedures included in SNP 

selection and analysis followed the STREGA reporting 

recommendations (16). Linkage disequilibrium relationships 

and gene structure were considered to select the thirteen 

SNPs in the candidate’s genes included in this study. The 

least allele frequencies reported in the database of the 

National Center for Biotechnology Information (http:// 

www.ncbi.nlm.nih.gov/ SNP/) was >0.2 (Table 4). 
 

Real-time polymerase chain reaction using the 

TaqMan method (Applied Biosystems, Foster City, CA, 

USA), maintaining a total of 1,5-μL reaction, was used to 

genotype the regions selected in the thermal cycler PTC- 
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225 (Peltier Thermal Cycler, Bio Rad Life Science, Corston, (Table 3) showed a high prevalence for bleeding on probing, 

UK). As BMP4, FGF3 and FGF10 genes are found in the same spontaneous bleeding, high probing pocket depth, presence 

chromosome, it is believed that they may act as a unit. of plaque and implant mobility in peri-implantitis volunteers 

Therefore, polymorphisms in these genes were not analyzed (p<0.001 for all).     

individually but in combination, termed as haplotype. The polymorphic genotype TT of BMP4 rs2761884 was 

     associated with the healthy group (p=0.01). FGF3 rs4631909 

Statistical Analysis   TT+CT genotypes also showed association with the control 

 The nominal variables were expressed as frequencies group (p=0.04) (Table 5). In addition, the frequency of C 

and percentages. The chi-square was used to access the allele for FGF3 rs4631909 showed a tendency for association 

significance of the nominal variables among the groups. with the peri-implantitis group (p=0.08) (Table 6). Genotype 

Continuous variables were expressed as mean and standard distributions were within Hardy-Weinberg equilibrium. 

deviation. After the Shapiro-Wilk test showed normal Haplotypes distribution in both groups (Table 7). 

distribution, analysis of variance and the Student’s t-test The distribution of haplotypes arranged as alleles was 

were applied. Differences in the frequency of genotypes constructed for BMP4, FGF3 and FGF10 genes and assessed 

and alleles between peri-implantitis and the control groups for association. A significant association between FGF10 

were analyzed using Fisher’s exact test and chi-square test, CCTG haplotype and peri-implantitis was evident (p=0.03). 

after fitting in Hardy-Weinberg equilibrium. The p values There also was a significant association between the GAAA 

of <0.05 were considered statistically significant, and the (p=0.05) and GGGA (p=0.02) haplotypes of the BMP4 gene 

risk of individual alleles and genotypes associated with the and occurrence of peri-implantitis. FGF3 TGCG haplotype 

development of the disease was calculated by odds ratio showed a tendency for association with peri-implantitis. 

(OR) in a 95% confidence interval. Multivariate regression In order to assess risk factors concurrently, a multivariate 

analysis was used to explore many covariates simultaneously. logistic regression of individual parameters in the test groups 

Statistical analysis was applied using STATA 11.1 (Stata Corp, was performed (Table 8). This yielded adjusted odds ratios 

College Station, TX, USA). To calculate the haplotypes was (OR) for individual parameters, including age, gender, BMP4 

used the computer program ARLEQUIN (v.20-ttp://anthro. rs2761884 and FGF3 rs4631909, previously associated with 

unige.ch/arlequin).   protection against peri-implantitis. This analysis confirmed 

Results 

   previous univariate results.     

   

Discussion 

    

 Among all 215 volunteers evaluated over the course of     

one year, 148 (69%) were women and 67 (31%) men, with Evidence shows that peri-implant diseases are related 

mean age 55.12±12.63 years. No difference was found to genetic factors (17). Considering the interaction and 

between the test group (peri-implantitis) when compared modulation of the BMP/FGF axis during bone remodeling, 

with the control group (healthy) regarding the ethnicity, the study aimed to analyze the correlation between BMP4, 

gender, age and smoking habit (Table 1).  FGF3, FGF10 and FGFR1 genes in the pathological process of 

 Total edentulism (p<0.0001) and thin peri-implant peri-implant bone loss. To elucidate such association, this 

phenotype (p=0.04) were highly incident in volunteers study was conducted to evaluate a total of 215 volunteers 

with peri-implantitis (Table 2). The peri-implant status divided into two groups, according to the presence or 

        absence of peri-implantitis. 

        This  study confirmed the 

Table 1. Baseline characteristics of the complete sample 

   association of BMP4, FGF3 
   

and FGF10 haplotypes with 

        

Characteristic 

Total Control Peri-implantitis 

p-value Odds ratio (CI) peri-implantitis, irrespective 
[N=215; n (%)] [N=129; n (%)] [N=86; n (%)]      

of the presence of previously Ethnic group       

  Whites 189 (88.0) 112 (86.82) 77 (89.53) 
0.55 1.30 (0.51-3.34) 

 described risk factors, 

  Non-Whites 26 (12.0) 17 (13.17) 9 (10.46) 

 

suggesting that different    

Age (years) 55.12 ± 12.63 53.27 ±13.18 57.89 ±11.29 0.99 ----  pathways can trigger this 

Sex       disease.    

  Female 148 (68.8) 86 (66.67) 62 (72.09) 

0.40 1.29 (0.68-2.45) 

 Peri-implantitis  affects 

  Male 67 (31.2) 43 (33.33) 24 (27.90) 

 

a group of subjects and it is    

Smoking       correlated to risk factors that 

  Non-smoker 194 (90.2) 116 (89.92) 78 (90.70) 

0.85 0.92 (0.33-2.50) 

 have been pre-established in 

  Smoker 21 (9.8) 13 (10.07) 8 (9.30) 
 

the literature, such as smoking,    
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Table 2. Clinical findings and anamnesis data of the discovery sample  
 

Parameters 
Healthy Peri-implantitis 

p value Odds ratio (CI) 
[N=129; n (%)] [N=86; n (%)]     

     

General medical condition     

  Diabetes 2 (1.56) 5 (5.81) 0.08 3.92 (0.65-29.94) 

  Rheumatoid diseases 4 (3.12) 3 (3.48) 0.87 1.13 (0.19-6.17) 

  Osteoporosis 2 (1.56) 0 (0) 0.24 0.00 (0.00-6.14) 

  Hypotireoidism 6 (4.65) 2 (2.32) 0.37 0.49 (0.07-2.76) 

  Antimicrobials 0 0 (0) --- --- 

  NSAIDs† 1 (0.78) 0 (0) 0.41 --- 

  SAIDs‡ 0 2 (2.32) 0.08 RR 2.54 (2.15-2.99) 

  Hormone reposition 4 (3.12) 3 (3.48) 0.87 1.13 (0.19-6.17) 

  Antidepressant 4 (3.12) 3 (3.48) 0.87 1.13 (0.19-6.17) 
 

UUU) Clini

cal measurements 

Edentulism 
 
   Total 24 (18.60) 69 (80.23) 

<0.0001 18.69 (8.79-40.34)  

  Partial 104 (80.62) 16 (18.60)    

 Periodontal phenotype      

   Thin# 48 (37.20) 44 (51,16) 
0.04 1.77 (0.98-3.20)  

  Thick 79 (61.24) 41 (47.67)    
   

NSAIDs: Nonsteroidal anti-inflammatory drugs. SAIDs: Steroidal anti-inflammatory drugs.   

Table 3. Peri-implant status of the volunteers     
       

 
Peri-implant status 

Healthy Peri-implantitis 
p value Odds ratio (CI)  

[N=129; n (%)] [N=86; n (%)]      
        

   Bleeding on probing 19 (14.73) 52 (60.46) <0.001 8.55 (4.41-17.96) 

   Spontaneous bleeding 0 (0.0) 11 (12.79) <0.001 RR 2.72 (2.27-3.26) 

   Probing pocket depth (mm) 1.86±0.99 2.46±1.26 <0.001 ------ 

   Plaque index 11 (8.52) 22 (25.58) <0.001 3.69 (1.58-8.72) 

 Peri-implant phenotype      

   Thin 50 (38.75) 43 (50,00) 
0.07 

1.65 (0.91-2.99) 
 

  Thick 79 (61.25) 43 (50.00) 
 

   

   Mobility (absence/ presence) 0 8 (9.30) <0.001 RR 2.65 (2.23-3.16) 

 Implant-platform type      

   External Hexagon 66 (51.16) 50 (58.13)   

   Internal Hexagon 10 (7.75) 8 (9.30) 
0.43 

 
 

  Morse Cone 50 (38.76) 27 (31.39) 
 

   

   Others 5 (3.87) 1 (1.16)   

 Implant region      

   Superior 63 (48.83) 43 (50.00) 
0.78 0.93 (0.52-1.66)  

  Inferior 68 (52.71) 43 (50.00)    

   Osseointegration 
33.95±31.07 35.85±37.42 0.70 

--- 
 

period (months) 
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poor oral hygiene, diabetes and history of periodontal 

diseases (18). Therefore, with the purpose of better 

understanding the correlation between risk factors and 

the development of peri-implantitis, this study included 

smokers and subjects with systemic disease, showing 

that there is a correlation between diabetes with the 

development of peri-implantitis. However, it was not 

evident that smoking is a possible risk indicator for peri-

implantitis, which may indicate that other non-described 

factors may trigger peri-implant bone loss.  
Although no studies in the literature discuss the 

importance of the correlation between BMP and FGF in 

implant dentistry, the whole process of bone formation, 

bone repair and homeostasis is widely mediated by these 

soluble factors associated with their receptors (19). 
 

In an endeavor to elucidate the relationship between the 

genetic factor and peri-implantitis, genotypes and allele 

frequencies in specific regions in BMP4, FGF3, FGF10 and 

FGFR1 genes were evaluated using the data from the 

International HapMap Project (20). The results of the single 

marker showed that BMP4 rs2761884 (G>T) and FGF3 

rs4631909 (C>T) substitutions were associated with 

absence of peri-implantitis and there seems to be no major 

influence of the other gene encoding mediator in bone 

remodeling. However, when different regions in the same 

gene were analyzed together, in an endeavor to understand 

the effect of the different regions responsible for the 

expression of the gene, an association among GGGA and 

GAAA BMP4, TGCG FGF3 and CCTG FGF10 haplotypes 

with pathologic peri-implant bone loss was clearly observed. 
 

The study of Ren et al. (21) found that BMP4 TGGGCTT 
 

 
Table 4. Characteristics of genetic markers 

 

 
haplotype was associated with the overexpression of 

BMP4 mRNA in subjects with ossification of the 

posterior longitudinal ligament. Guimaraes et al. (8) 

analyzed multiple variants in the BMP4 gene and 

believe that the BMP4 haplotype may trigger the 

exacerbated expression of BMP4, interfering in bone 

homeostasis and causing the non-union of fractures.  
The antagonism between BMP and FGF contributes to 

the repair of bone lesions. FGF/FGFR signaling is present in 

endochondral and intramembranous bones and plays 

important roles in regulating their development and growth 

(22). In the present study, it is clear that individuals carrying 
 
(6) genotype for FGF3 rs4631909 have increased risk of 

peri-implantitis, in contrast to the TT genotype, which 

acts as a protective factor even when analyzed together 

with other areas of the same chromosome. Furthermore, 

it is important to consider that FGFR1 is a positive 

regulator for bone formation: it has a synergistic effect 

with FGFR2 and stimulates osteoblastic differentiation 

(23). FGFR1 and FGFR2 are important in regulating the 

morphology and patent of craniofacial sutures (24). 

However, in this study, FGFR1 rs13317 was not 

associated with peri-implantitis. It is possible that the 

variant of FGFR1 favors adequate bone repair. 
 

In summary, evidence was obtained for the association 

among the BMP4, FGF3 and FGF10 haplotypes with peri-

implantitis. However, further studies are required (larger 

samples with different populations, greater knowledge of the 

genes involved in bone destruction around implants) to 

confirm these findings and to identify other genes 

responsible for the susceptibility to the development 
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Gene SNP ID Chromosome SNP Type Base change* MAF** 

 rs2761884 Ch14 intron G>T 0.366 

BMP4 
rs17563 Ch14 exon C>T 0.371 

rs2071047 Ch14 intron A>G 0.401  

 rs762642 Ch14 intron A>C 0.352 

 rs7932320 Ch11 intron C>T 0.486 

FGF3 
rs1893047 Ch11 intron A>G 0.428 

rs4631909 Ch11 intergenic C>T 0.478  

 rs4980700 Ch11 intergenic A>G 0.439 

 rs1448037 Ch5 intron C>T 0.361 

FGF10 
rs900379 Ch5 intron C>T 0.483 

rs1011814 Ch5 intron C>T 0.485  

 rs593307 Ch5 intron A>G 0.364 

FGFR1 rs13317 Ch8 3`UTR C>T 0.275 
 
*Base change according to Applied Biosystem; **MAF: minor allele frequency according to GenBank; Base change in BMP4 rs 17563 had as 

reference the Esembl. 
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Table 5. Genotype frequencies of the SNPs in all volunteers 
 

Gene SNP Genotypes 
Healthy Peri-implantitis 

p value* 
[N=129; n (%)] [N=86; n (%)]     

  GG 48 (37.20) 36 (41.86)  

 
rs2761884 

GT 55 (42.64) 41 (47.67) 0.01 
 

TT 23 (17.83) 4 (4.65) 
 

   

  GT+TT 78 (60.46) 45 (52.32) 0.36 

  AA 27 (20.93) 22 (25.58)  

 
rs17563 

AG 64 (49.61) 40 (46.51) 0.63 
 

GG 34 (26.36) 19 (22.09) 
 

   

BMP4 
 AG+GG 59 (45.73) 98 (113.95) 0.55 
 

AA 19 (14.73) 9 (10.46) 
 

   

 
rs2071047 

AG 48 (37.21) 44 (51.16) 0.15 
 

GG 50 (38.76) 27 (31.39) 
 

   

  AG+GG 69 (53.49) 36 (41.86) 0.32 

  AA 105 (81.39) 72 (83.72)  

 
rs762642 

AC 18 (13.95) 9 (10.46) 0.46 
 

CC 
 

0 
 

0 
 

     

  AC+CC 18 (13.95) 9 (10.46) --- 

  CC 24 (18.60) 18 (20.93)  

 
rs7932320 

CT 51 (39.53) 38 (44.18) 0.47 
 

TT 52 (40.31) 27 (31.39) 
 

   

  CT+TT 103 (79.84) 65 (75.58) 0.62 

  AA 39 (30.23) 18 (20.93)  

 
rs1893047 

AG 56 (43.41) 40 (46.51) 0.27 
 

GG 31 (24.03) 26 (30.23) 
 

   

FGF-3 
 AG+GG 87 (67.44) 66 (76.74) 0.12 
 

CC 20 (15.50) 23 (26.74) 
 

   

 
rs4631909 

CT 56 (43.41) 38 (44.18) 0.05 
 

TT 53 (41.08) 24 (27.90) 
 

   

  CT+TT 109 (84.49) 62 (72.09) 0.04 

  AA 43 (33.33) 19 (22.09)  

 
rs4980700 

AG 56 (43.41) 37 (43.02) 0.25 
 

GG 29 (22.48) 24 (27.90) 
 

   

  AG+GG 85 (65.89) 61 (70.93) 0.13 

  CC 46 (35.65) 37 (43.02)  

 
rs1448037 

CT 61 (47.28) 36 (41.86) 0.32 
 

TT 21 (16.28) 9 (10.46) 
 

   

  CT+TT 67 (51.93) 46 (53.48) 0.59 

  CC 30 (23.25) 24 (27.90)  

 
rs900379 

CT 63 (48.84) 33 (38.37) 0.36 
 

TT 35 (21.13) 27 (31.39) 
 

   

FGF-10 

 CT+TT 98 (75.97) 60 (69.76) 0.4 

 
CC 36 (27.90) 26 (30.23) 

 
   

 
rs1011814 

CT 61 (47.28) 34 (39.53) 0.73 
 

TT 29 (22.48) 19 (22.09) 
 

   

  CT+TT 90 (67.77) 53 (61.62) 0.51 

  AA 24 (18.60) 12 (13.95)  

 
rs593307 

AG 59 (45.73) 32 (37.20) 0.29 
 

GG 39 (30.23) 33 (38.37) 
 

   

  AG+GG 63 (48.83) 45 (52.32) 0.35 

  CC 5 (3.87) 5 (5.81)  

FGFR1 rs13317 
CT 39 (30.23) 35 (40.70) 0.13 

TT 83 (64.34) 42 (48.83) 
 

   

  CT+TT 122 (94.57) 77 (89.53) 0.48 
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Table 6. Allele distribution between groups  
 
Gene SNP ID A1 MAF Control MAF Test p value Odds ratio 95% CI 

        

 rs2761884 T 0.40 0.30 0.13 1.56 0.83-2.92 

BMP4 
rs17563 A 0.47 0.52 0.47 0.82 0.45-1.48 

rs2071047 A 0.37 0.39 0.77 1.09 0.59-2.01  

 rs762642 C 0.07 0.06 0.77 0.85 0.24-2.94 

 rs7932320 C 0.39 0.45 0.39 1.28 0.70-2.34 

FGF3 
rs1893047 A 0.53 0.45 0.25 0.73 0.40-1.31 

rs4631909 C 0.37 0.49 0.08 1.64 0.90-2.99  

 rs4980700 G 0.45 0.53 0.25 1.38 0.76-2.50 

 rs1448037 T 0.40 0.33 0.63 0.87 0.46-1.63 

FGF10 
rs900379 T 0.47 0.46 0.89 0.96 0.54-1.70 

rs1011814 C 0.47 0.51 0.57 1.17 0.65-2.12  

 rs593307 A 0.44 0.36 0.24 0.72 0.39-1.31 

FGFR1 rs13317 C 0.19 0.27 0.17 1.58 0.77-3.24 
         
A1: Minor allele (based on whole sample)/ MAF_C: minor allele frequency in control/ MAF_T: minor allele frequency in test. *p calculated by chi-

square test. p-values <0.05 are considered significant 

 
 
Table 7. Haplotypes distributions in all groups  
 
  Frequency estimation    

Gene Haplotype 
  

p value Odds Ratio 95% CI Healthy Peri-implantitis 
     

  [N=129; n (%)] [N=86; n (%)]    
       

 TGGA 0.36 0.25 --- 1.00 --- 

 GAAA 0.29 0.32 0.05 0.57 0.32-1.01 

BMP4 GGGA 0.15 0.22 0.02 0.48 0.25-0.91 

(rs2761884; rs17563; 

GAGA 0.07 0.09 0.11 0.52 0.23-1.15 rs2071047; rs762642) 

 GAAC 0.05 0.04 0.81 1.14 0.41-3.11 

 TAGA 0.03 0.03 0.58 0.72 0.22-2.36 

 TATA 0.52 0.43 --- 1.00 --- 

FGF3 
CGCG 0.30 0.36 0.11 0.71 0.46-1.08 

      

(rs7932320; rs1893047; TGCG 0.05 0.10 0.05 0.48 0.23-1.01 

rs4631909; rs4980700) 
CGTG 0.07 0.04 0.58 1.28 0.54-3.04  

 TGTA 0.01 0.01 0.93 1.09 0.15-8.02 

 CTCG 
0.50 

0.49 --- 1.00 --- 
      

FGF10 TCTA 0.39 0.31 0.33 1.24 0.81-1.89 

(rs1448037; rs900379; 

CCTG 0.05 0.13 0.03 0.46 0.23-0.94 
rs1011814; rs593307)       

 CTCA 0.01 0.01 0.73 1.43 0.19-10.91 

 CCTA 0.01 0.01 0.98 0.96 0.08-11.09 
        
*p-values <0.05 are considered significant. 
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Table 8. Multinominal logistic regression results for the diseased 

groups (reference = peri-implantitis group)   
Parameters Z p-value Odds Ratio 95% CI 

Age -2.58 0.01 0.96 0.94-0.99 

BMP4 rs2761884     

  GG --- 1.0 --- --- 

  GT 0.36 0.71 1.11 0.60-2.06 

  TT 2.61 0.009 4.40 1.44-13.43 

FGF3     

  CG --- 1.0 --- --- 

  CT 1.45 0.14 1.75 0.82-3.75 

  TT 2.67 0.008 3.02 1.34-6.83 

 

 
of peri-implantitis, and thus provide new approaches to 

molecular-level investigations when treating these volunteers, 

increasing the rate of success in implant rehabilitation. 

 

Resumo  
 Apesar do alto índice de sucesso em implantodontia, falhas tem aumentado 

 drasticamente, estando associadas ao desenvolvimento de peri-implantite. 

 A perda óssea peri-implantar é influenciada por múltiplos fatores, incluindo 

 causas genéticas e ambientais. As BMPs (proteínas ósseas morfogenéticas) 

 são fatores de crescimento indutores da formação óssea. Os FGFs (fatores 

 de crescimento dos fibroblastos) e seus receptores (FGFRs) desenvolvem 

a
l.

 importante função na proliferação, diferenciação e migração celular. A 

relação BMP/FGF é responsável pela regeneração e perda óssea. O objetivo E
t 

deste estudo foi estudar a possível correlação entre os genes BMP4, 

C
oe

lh
o 

FGF3, FGF10 e FGFR1 e a perda óssea peri-implantar. Duzentos e quinze 
 

B
. voluntários, com 754 implantes, foram submetidos ao exame oral e divididos 

em grupo saúde (n=129) e peri-implantite (n=86). Treze polimorfismos 

R
. 

nos genes BMP4, FGF3, FGF10 e FGFR1 foram analisados individualmente  

 e como haplótipos. O teste do qui-quadrado correlacionou as frequências 

 dos genótipos, alelos e haplótipos. Valores de p<0,05 foram considerados 

 estatisticamente significantes. Voluntários com peri-implantite mostraram 

 alta incidência de edentulismo total (p<0,0001) e biotipo periodontal 

 fino (p<0,04). Sangramento espontâneo, placa e mobilidade do implante 

 foram altamente incidentes no grupo peri-implantite (p<0,0001). O 

 genótipo polimórfico TT para BMP4 rs2761884 foi associado com saúde 

 peri-implantar (p=0,01). FGF3 rs4631909 (genótipos TT+CT) mostraram 

 associação com o grupo controle (p=0,04). A frequência do alelo C para 

 FGF3 rs4631909 mostrou uma tendência de associação com peri-implantite 

 (p=0,08). Os haplótipos FGF10 CCTG (p=0,03), BMP4 GAAA (p=0,05) e 

 GGGA (p=0,02) foram associados com peri-implantite (p=0,03). Sendo 

 assim, conclui-se que os haplótipos BMP4 e FGF10 estão associados com 

 peri-implantite. 
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ANEXO 4 – Aprovação do CEP 
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ANEXO 5- Termo de consentimneto livre e esclarecido 
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    __________________________________________________________________________  

    Assinatura do participante de pesquisa 

    __________________________________________________________________________ 

   Nome e assinatura do responsável por obter o consentimento 

  _____________________________________         __________________________________ 

 

Testemunha                                                       Testemunha 
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ANEXO 6- Certificado Mensão Honrosa 

 


