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RESUMO 

 

 

Bonato LL. Avaliação clínico-genética das dores articulares sistêmicas crônicas em 

indivíduos com desordens temporomandibulares [tese]. Niterói: Universidade Federal 

Fluminense, Faculdade de Odontologia; 2016. 

 

A dor presente nas desordens temporomandibulares (DTM) está com frequência 

sobreposta à sintomas físicos associados à outras desordens dolorosas crônicas e 

comorbidades, como dores musculares e articulares generalizadas. Contudo, a 

possível associação entre a presença conjunta da dor orofacial com outros tipos de 

artralgia é pouco explorada. O objetivo deste estudo foi determinar a possível 

associação entre a presença conjunta de dores crônicas articulares na ATM, e em 

outras articulações do corpo, com polimorfismos em genes relacionados à: (a) 

sensibilidade dolorosa, (b) metabolismo de osteoblastos e condroblastos, e (c) 

alterações hormonais. Trezentos e trinta e sete voluntários foram avaliados 

clinicamente, através da aplicação da ferramenta Research Diagnostic Criteria for 

Temporomandibular Disorders (RDC/TMD), para avaliação quanto à presença das 

DTM, sendo questionados sobre a presença de dores articulares crônicas 

sistêmicas, sendo divididos nos seguintes grupos: indivíduos com artralgias crônicas 

e DTM muscular; artralgias crônicas e DTM articular; artralgias crônicas e DTM 

muscular e articular; indivíduos sem DTM e com artralgias crônicas e; grupo 

controle.  Trinta polimorfismos nos genes COMT (rs165774, rs6269, rs9332377), 

ADRB2 (rs2053044, rs1042713, rs1042714), HTR1A (rs1364043, rs13361335), OPG 

(rs11573919, rs11573875, rs11573854, rs11573838, rs11573817 e rs11573816), 

RANK (rs474369, rs9498322, rs504762, rs6920383, rs237033), RANKL (rs492956, 

rs13215304 e rs12660731), ESR1 (rs12154178, rs1884051, rs2273206, rs7774230) 

e ESRRB (rs1676303, rs4903399, rs10132091, rs7151924) foram avaliados. A 

significância das variáveis nominais e contínuas foi analisada através dos testes do 

qui-quadrado, T-Student / Mann-Whitney, respectivamente. Valores de p<0.05 foram 

considerados estatisticamente significantes. Os principais resultados encontrados 

foram: (a) Polimorfismos no gene COMT possuem relação com a presença de DTM 

de origem muscular associada a artralgias crônicas. Neste mesmo grupo de 

indivíduos, alterações nos genes ADRB2 associaram-se com a proteção ao 



 

 

 

desenvolvimento de DTM muscular. (b) Haplótipos nos genes OPG e RANK 

encontram-se associados ao risco de desenvolvimento de artralgias crônicas, 

mesmo na ausência de DTM; e (c) Polimorfismo no gene ESR1 possuem relação 

com a presença de DTM de origem muscular associada a artralgias crônicas. 

Alterações no gene ESRRB associaram-se com a presença de DTM articular. O 

presente trabalho sugere haver base genética e clínica para o desenvolvimento 

comórbido de artralgias crônicas em indivíduos com DTM. 

 

Palavras-chave: Síndrome da Disfunção da Articulação Temporomandibular, 

Artralgia, Polimorfismo Genético, Dor crônica, Osteoartrite, Estrogênio.   

 
 



 

 

ABSTRACT 

 

 

Bonato LL. Clinical and genetic evaluation of systemic chronic joint pain in patients 
with temporomandibular disorders [thesis]. Niterói: Federal Fluminense University, 
Faculty of Dentistry; 2016. 
 
 
Pain from temporomandibular disorder (TMD) is often associated with physical 

symptoms and other chronic pain disorders and comorbidities, such as generalized 

muscle and joint pain. However, the association between the presence of orofacial 

pain and other types of arthralgia is not widely studied. The aim of this study was to 

determine the association between the presence of chronic temporomandibular joint 

(TMJ) pain, and other body joints, with polymorphisms in genes related to: (a) pain 

sensitivity, (b) osteoblast and chondroblasts metabolism and (c) hormonal changes. 

Three hundred and thirty-seven volunteers were clinically evaluated by applying the 

Research Diagnostic Criteria tool for Temporomandibular Disorders (RDC / TMD) in 

order to evaluate the presence of TMD. In addition, volunteers were questioned 

about the presence of systemic chronic joint pain. Based on these information, 

volunteers were divided into the following groups: individuals with chronic joint pain 

and muscle TMD; arthralgia and chronic articular TMD; arthralgia and chronic muscle 

and joint TMD; individuals without TMD and chronic joint pain and; control group . 

Thirty polymorphisms in the genes COMT (rs165774, rs6269, rs9332377), ADRB2 

(rs2053044, rs1042713, rs1042714), HTR1A (rs1364043, rs13361335), OPG 

(rs11573919, rs11573875, rs11573854, rs11573838, rs11573817 and rs11573816), 

RANK (rs474369, rs9498322, rs504762, rs6920383, rs237033), RANKL (rs492956, 

rs13215304 and rs12660731) ESR1 (rs12154178, rs1884051, rs2273206, 

rs7774230) and ESRRB (rs1676303, rs4903399, rs10132091, rs7151924) were 

evaluated. 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 p-value <0.05 was considered significant. The main findings were: (a) 

polymorphisms in the COMT gene are related to the presence of myogenic TMD 

associated with chronic arthralgia. In this same group of individuals, alterations in the 

ADRB2 gene were associated with the protection against the development of 

muscular TMD. (B) haplotypes in the OPG and RANK genes are associated with the 



 

 

risk of developing chronic arthralgia, even in the absence of TMD; and (c) 

Polymorphisms in the ESR1 gene are related to the presence of myogenic TMD 

associated with chronic arthralgia. Alterations in the ESRRB gene were associated 

with the presence of articular TMD. This study suggests that there is a clinical and 

genetic basis for comorbid chronic joint pain in individuals with TMD. 

  

Keywords: Temporomandibular Joint Dysfunction Syndrome, Arthralgia, 

Polymorphism Genetic, Chronic Pain, Osteoarthritis, Estrogens.   
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1 - INTRODUÇÃO  

 

 

As desordens temporomandibulares (DTM) são caracterizadas por alterações 

dolorosas e/ou disfuncionais envolvendo os músculos mastigatórios e/ou as 

articulações temporomandibulares (ATM) (BADEL et al., 2013), sendo consideradas 

a causa mais comum de dor crônica na região orofacial. De acordo com o “National 

Institute of Dental and Craniofacial Research” (NIDCR), entre 5% e 12% da 

população norte-americana sofre ou já sofreu, em algum momento, de problemas 

relacionados às desordens da ATM (VARGAS, MACEK e MARCUS, 2000). 

A artralgia temporomandibular experimentada por estes pacientes está com 

frequência sobreposta à sintomas físicos de outras desordens dolorosas crônicas e 

à diferentes comorbidades, dentre estas, dores musculares e articulares 

generalizadas e mudanças no padrão e qualidade do sono (LORDUY et al., 2013). 

No passado, este perfil de paciente com múltiplas queixas teve seu diagnóstico 

frequentemente subestimado, sendo os quadros álgicos difusos atribuídos a fatores 

psicológicos e, consequentemente, encarados por muitos profissionais como irreais 

(LORDUY et al., 2013).  

Atualmente, acredita-se que quadros de queixas dolorosas múltiplas e 

persistentes possam estar associados às alterações no sistema nervoso periférico e 

central (MORELL et al., 2014). No entanto, a possibilidade de outras condições 

sistêmicas predisponentes estarem presentes, envolvendo principalmente aspectos 

genéticos (SMITH et al., 2013) não apenas relacionados à neurotransmissão central 

da dor, deve ser considerada.  

Diferentes variantes genéticas podem aumentar a predisposição para o 

desenvolvimento particular da desordem (SMITH et al., 2013; BONATO, 2015), que 

pode estar indiretamente relacionada à manifestação sistêmica de doenças 

autoimunes (CEDSTROMER et al., 2014), alterações hormonais (KANG et al., 

2007), inflamação decorrente de estresse oxidativo (ANEIROS-GUERRERO et al., 

2011), alterações do metabolismo tecidual (SIPILÄ et al., 2011) e alterações do 

padrão de sensibilidade dolorosa (NAKLEY, 2007). A presença de tais condições 

poderia justificar o desenvolvimento de alterações álgicas e/ou degenerativas em 

diferentes articulações e de forma simultânea.  
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Acredita-se que a associação entre DTM e a presença de dores crônicas, 

aqui representada pela presença conjunta de outras artralgias, não é aleatória. 

Existe base genética e clínica para o desenvolvimento comórbido de ambas as 

doenças (MORELL et al., 2014). A presença de polimorfismos em genes associados 

a vias específicas pode relacionar-se ao desenvolvimento de diversas dores e 

alterações articulares. Desta forma, o objetivo do presente estudo foi determinar a 

possível associação entre polimorfismos em genes relacionados à: (a) sensibilidade 

dolorosa, (b) balanço de osteoblastos e condroblastos, e (c) alterações hormonais, e 

a presença conjunta de dores crônicas articulares na ATM e em outras articulações 

do corpo. 
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2 – OBJETIVOS 

 
2.1 - Objetivo Geral 
 
 

Avaliar a possível associação clínica e genética entre a presença de dores 

articulares sistêmicas crônicas e desordens temporomandibulares. 

 
 
 
2.2. Objetivos Específicos  
 

Avaliar a possível associação entre polimorfismos nos genes das vias 

relacionadas à: 

 

•sensibilidade dolorosa: ADRB2, COMT, HTR1;  

•alterações hormonais: ESRRB, ESR1; 

• balanço de osteoblastos e condroblastos: OPG, RANK, RANKL,  

e a suscetibilidade genética ao desenvolvimento de dores articulares 

sistêmicas, em indivíduos com e sem DTM. 

Avaliar a prevalência de artralgias em outras regiões do corpo em indivíduos 

com e sem DTM, associando características como gênero, idade, etnia, e tipo de 

DTM. 
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3 - METODOLOGIA 

 

 

Trata-se de um estudo descritivo, transversal e aleatório, aprovado em 05 de 

Maio de 2013, pelo Comitê de Ética em Pesquisa da Universidade Salgado de 

Oliveira - Universo, sob o parecer número 286.354. O termo de consentimento livre e 

esclarecido foi obtido e assinado pelos participantes antes da execução da pesquisa. 

Para o desenvolvimento de seu desenho, foram seguidas as recomendações do 

Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) 

(VON et al., 2007). 

Foram incluídos indivíduos atendidos na Faculdade de Odontologia da 

Universidade Federal Fluminense (sendo estes acompanhantes ou pacientes que 

buscavam por atendimento na instituição), escolhidos aleatoriamente, com idade 

entre 18 e 65 anos, sem histórico de macro trauma na região das ATM e/ou nas 

articulações do joelho, quadril, tornozelo, ombro, punho e cotovelo. Os indivíduos 

foram recrutados aleatoriamente, durante um período de dois anos. Os critérios de 

exclusão foram: cirurgias articulares, diagnóstico de artrite reumatoide, lúpus 

eritematoso sistêmico, fibromialgia, outros tipos de doenças articulares sistêmicas 

e/ou tratamento prévio para DTM. 

 

2.1 Diagnóstico clínico das Desordens Temporomandibulares 

 

Todos os participantes foram examinados clinicamente pelo mesmo avaliador, 

através da utilização da ferramenta Research Diagnostic Criteria for 

Temporomandibular Disorders (RDC/TMD) - Eixo I  (DWORKIN, LERESCHE, 

1992)(Anexo A), validada para o diagnóstico físico das DTM, e que possibilita 

classificar os participantes em algum dos seguintes subgrupos diagnósticos: (0) 

ausência de DTM; (1) desordens dolorosas musculares; (2) alterações da posição do 

disco articular; e (3) condições álgicas e/ou degenerativas da ATM. Este processo 

ocorre de maneira não mutuamente excludente, possibilitando que cada participante 

pertença a mais de um subgrupo diagnóstico.  

Os diagnósticos articulares (subgrupos 2 e 3) foram agrupados, formando um 

grupo único intitulado “desordens articulares”. Com isso, finalmente teve-se a 

formação de quatro grupos: (a) controle (ausência de diagnóstico de DTM); (b) 
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desordens musculares; (c) desordens articulares; e (d) desordens musculares e 

articulares. Esta ferramenta foi aplicada em todos os pacientes por um único 

examinador treinado (autor L.L.B.). 

 

2.2 Avaliação da presença e duração de outras artralgias 

 

Nesta etapa, cada participante respondeu a um questionário, considerando: a 

presença de dor nas articulações do joelho, quadril, tornozelo, ombro, punho e 

cotovelo; e tempo de presença dessas dores (dias, meses ou anos)(Anexo B). A 

aplicação do questionário foi feita exclusivamente por um segundo avaliador, que 

não tinha conhecimento prévio sobre a presença ou não de DTM nos participantes 

avaliados. As artralgias presentes há mais de três meses foram consideradas 

crônicas (IASP, 1994; BURNS, 2015).   

De acordo com o diagnóstico das DTM e das outras artralgias avaliadas, os 

voluntários do estudo foram divididos em quatro grupos: 1) Com DTM muscular e 

com dor crônica em outra articulação do corpo; 2) Com desordens articulares e dor 

crônica em outra articulação do corpo; 3) Indivíduos que possuíam simultaneamente 

desordens musculares e articulares na ATM e que também possuíam outro tipo de 

artralgia crônica; e 4) indivíduos sem DTM e que não possuíam nenhum tipo de dor 

articular (grupo controle).  

 

2.3 Coleta de saliva e isolamento do DNA genômico 

 

Para a coleta das amostras de saliva, foram utilizados tubos falcon contendo 

5mL de soro fisiológico, sendo os mesmos transportados em ambiente adequado 

para conservação térmica, utilizando gelo reciclável para manutenção da 

temperatura adequada. Para isolamento de DNA (KUCHLER et al., 2012), as 

amostras de saliva foram descongeladas e centrifugadas a 550g por 10 minutos, 

descartado o sobrenadante e o pellet ressuspendido em 1ml de solução de digestão 

(Tris HCL 10Mm; EDTA 5Mm; SDS 0,5%). O conteúdo digerido foi transferido para 

um tubo eppendorf, sendo adicionado 5μl de proteinase K (20mg/ml) e incubado em 

banho-maria a 56°C overnight. Após este procedimento inicial, foi adicionado 400μl 

de solução de acetato de amônio a 10M e centrifugado por 15 min a 12000 rpm. Em 

seguida, o sobrenadante foi dividido em dois tubos eppendorf com 700μl cada e, 
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adicionado o mesmo volume de álcool isopropílico gelado em cada espécime para 

posterior armazenagem a -20°C por 30 min. Seguindo a verificação da formação da 

“nuvem de DNA”, o material foi centrifugado por 20 min a 12000 rpm e o 

sobrenadante descartado. Etanol gelado (1 ml) deve ser adicionado para 

centrifugação por 15 min a 12000 rpm. O tubo foi deixado emborcado em papel 

absorvente, após descarte do sobrenadante, para evaporar o etanol. O pellet 

formado após a centrifugação foi ressuspendido em 100 μl de Tampão de Extração 

(Tris HCl 10mM; EDTA 1mM) e incubado em banho-maria a 56 oC por 15 min para 

solubilizar o DNA.  

O aparelho NanoDrop® (Thermo Scientific, Wilmington, DE, EUA) quantificou 

as concentrações do DNA em ng/ μl. Este aparelho quantifica o DNA de cadeia 

dupla (entre outros) de acordo com a Lei de Lambert-Beer: C = (Abs x e) / b, onde 

“C” é a concentração de de DNA em ng/ μl, “Abs” a absorvância, “e” o coeficiente de 

extinção molar e “b” a altura do caminho óptico. A concentração de DNA foi avaliada 

em um comprimento de onda de 260nm. A razão entre os valores obtidos nos 

comprimentos de onda 260nm e 280nm foi usada para estimar a pureza do DNA 

genômico. Somente as amostras de DNA com razão 260/280 acima de 1,9 foram 

incluídas neste estudo. Todas os DNAs foram armazenados a -80°C e devidamente 

catalogados. 

 

2.4 Genotipagem 

 

Trinta polimorfismos de um único nucleotídeo (do inglês “single nucleotide 

polymorphisms” - SNPs) nos seguintes genes foram selecionados, considerando-se 

as relações de desequilíbrio de ligação e estrutura dos genes: 
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 *baseando-se nos dados do GenBank 

** MAF= menor frequência alélica 

 

 

 

Gene Cromossomo SNPs 
SNP 

localização* 

Troca 

de 

bases* 

MFA 

ADRB2 (Adrenoceptor beta 2) 5q31-q32 

rs2053044 148825809 A/G 0.34 

rs1042713 148826877 A/G 0.47 

rs1042714 148826910 A/G 0.20 

COMT (catechol-O- methyltransferase) 
22q11.21 

 

rs165774 19965038 A/G 0.20 

rs6269 19962429 A/G 0.35 

rs9332377 19968169 C/T 0.17 

HTR1A (5-hydroxytryptamine (serotonin 

receptor 1 A) 

5q11.2-q13 

 

rs1364043 63955024 G/T 0.33 

rs13361335 63970064 G/T 0.23 

ESRRB (estrogen related receptor beta) 
14q24.3 

 

rs1676303 76525821 C/T 0.21 

rs6574293 76404257 A/G 0.11 

rs4903399 76308859 C/T 0.16 

rs10132091 76404475 C/T 0.47 

ESR1 (estrogen receptor 1 (alpha)) 
6q25.1 

 

rs12154178 151929945 A/C 0.47 

rs1884051 151962144 A/G 0.49 

rs2273206 152061176 G/T 0.27 

rs7774230 151843104 C/T 0.44 

OPG (tumor necrosis factor receptor 

superfamily member 11B) 

8q24 

 

rs11573919 118929541 C/T 0.02 

rs11573875 118939606 A/G 0.02 

rs11573854 118942974 C/T 0.007 

rs11573838 118945400 C/T 0.05 

rs11573817 118949504 A/G 0.001 

rs11573816 118949803 A/G 0.01 

RANK (tumor necrosis factor receptor 

superfamily member 11A) 

18q22.1 

 

rs474369 149322826 A/T 0.21 

rs9498322 149335950 A/G 0.19 

rs504762 149351529 C/T 0.21 

rs6920383 149356361 A/G 0.19 

rs237033 149393013 C/T 0.10 

RANKL (tumor necrosis factor superfamily 

member 11) 

13q14 

 

rs492956 149347391 A/G 0.21 

rs13215304 149378197 A/G 0.01 

rs12660731 149381090 C/T 0.04 
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 *baseando-se nos dados do GenBank 

** MAF= menor frequência alélica 

 

Gene Cromossomo SNPs 
SNP 

localização* 

Troca de 

bases* 
MFA 

TGFB1 (transforming growth 

factor beta 1) 

19q13.1 

 

rs1800469 41354391 A/G 0.36 

rs1800470 41353016 A/G 0.45 

rs11466338 41339896 C/T 0.06 

MMP2 (matrix metallopeptidase 

2) 

16q12.2 

 

rs243865 55477894 C/T 0.13 

rs2287074 55493201 A/C 0.32 

rs243847 55490086 C/T 0.34 

rs11639960 55499358 A/G 0.23 

rs9923304 55496389 C/T 0.31 

rs2285053 55478465 C/T 0.15 

MMP3 (matrix metallopeptidase 

3) 

11q22.3 

 

rs650108 102838056 A/G 0.44 

rs520540 102838694 A/G 0.37 

rs639752 102836608 A/C 0.38 

rs679620 102842889 C/T 0.34 

rs522616 102844317 C/T 0.31 

MMP9 (matrix metallopeptidase 

9) 

20q13.12 

 

rs17576 46011586 A/G 0.45 

rs2274756 46014472 A/C 0.19 

rs3918253 46010872 C/T 0.26 

rs13925 46016326 A/G 0.16 

rs2236416 rs2236416 A/G 0.15 

MMP10 (matrix 

metallopeptidase 10) 

11q22.3 

 
rs1723642 46011936 C/G 0.15 

MMP13 (matrix 

metallopeptidase 13) 

11q22.3 

 

rs478927 102954097 C/T 0.36 

rs2252070 102955810 C/T 0.36 

MMP14 (matrix 

metallopeptidase 14) 

14q11.2 

 

rs17123036 22836094 A/G 0.03 

rs1042704 22843385 A/G 0.10 

TIMP 1 (TIMP metallopeptidase 

inhibitor 1) 

Xp11.3-p11.23 

 

rs5906435 47589011 C/T 0.28 

rs6520279 47588697 C/T 0.46 

rs1062849 47586600 C/T - 

TIMP 2 (TIMP metallopeptidase 

inhibitor 2) 

17q25 

 
rs9894526 78931004 C/T 0.40 
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Estes SNPs foram previamente identificados e incluídos na base de dados do 

Centro Nacional de Informações sobre Biotecnologia 

(http://www.ncbi.nlm.nih.gov/SNP/) devendo a menor frequência alélica ser >0,12. 

Todos os procedimentos seguiram as recomendações do STREGA. A Análise de 

Endpoint de reações em cadeia da polimerase foi realizada utilizando-se o método 

de TaqMan (Applied Biosystems, Foster City CA, EUA), 15 utilizando um total de 1,5 

mL/reação para a genotipagem dos marcadores selecionados em um termociclador 

PTC- 225 Tetrad (Peltier Termociclador, Bio-Rad Ciências da Vida, Hemel 

Hempstead, Hertfordshire, Reino Unido). Os polimorfismos também foram 

analisados em combinação como haplótipos. 

 

 

2.5 Local 

 

Os pacientes foram recrutados e avaliados na Faculdade de Odontologia da 

Universidade Federal Fluminense, Rio de Janeiro, Brasil. 

O isolamento do DNA genômico, assim como sua quantificação foi realizado 

na Unidade de Pesquisa Clínica da Universidade Federal Fluminense. 

A análise dos polimorfismos genéticos foi realizada na Faculdade de Medicina 

Dental da Universidade de Pittsburgh, Pensilvânia, Estados Unidos. 

 

2.6 Tratamento estatístico 

 

O processamento dos dados e a análise estatística foram realizados 

utilizando-se o programa STATA 12.0 (StataCorp, College Station, TX, EUA). O 

tamanho da amostra incluiu a demanda espontânea de pacientes e acompanhantes 

do Instituto Nacional de Traumatologia e Ortopedia, durante 2 anos, respeitando os 

critérios de inclusão. Este cálculo foi dimensionado para detectar um fator de risco 

que atingisse 40% da amostra, com alfa de 5% e poder de 90%. Para verificação da 

distribuição normal das variáveis numéricas foi utilizado o teste de Shapiro-Wilk, 

seguido da análise de variância com o teste t de Student e Mann-Whitney, em caso 

de distribuição normal e não-normal, respectivamente. Para avaliar o significado das 

variáveis nominais entre os grupos, o teste do qui-quadrado foi utilizado. Para a 
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avaliação da correlação entre idade e número de articulações com dor foi utilizado o 

teste paramétrico com o coeficiente de correlação linear de Pearson. 

Diferenças na frequência dos genótipos e alelos entre os grupos foram 

analisadas através do teste do qui-quadrado após a montagem para o equilíbrio de 

Hardy-Weinberg. Valores de p<0.05 foram considerados estatisticamente 

significativos, e os riscos associados a alelos individuais e genótipos, calculados 

como a razão de chances (OR) com intervalo de confiança de 95% (IC). Para 

calcular desequilíbrio de ligação e haplótipos, o programa de computador 

ARLEQUIN foi utilizado (v.20; http://anthro.unige.ch/arlequin). 
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ABSTRACT 

The development of chronic pain in patients with TMD, as well as its frequent 

comorbidity with other musculoskeletal pain, suggest the influence of genetic 

alterations on the nociceptive process. Aim: The aim of this study was to evaluate 

the association between polymorphisms in the COMT, ADRB2, and HTR1A genes 

and comorbid presence of chronic systemic arthralgias in individuals with TMD. 

Materials and method: All subjects were clinically evaluated for the presence of 

temporomandibular disorder and asked about the presence of chronic joint pain. The 

control group was composed of 72 individuals without TMD and without pain. The 

individuals with chronic systemic arthralgia were divided into three groups according 

to the type of TMD presented: muscle (n = 42), joint (n = 16), and multiple diagnoses 

(n = 69). A total of eight single nucleotide polymorphisms in the COMT (rs165774, 

rs6269, rs9332377), ADRB2 (rs2053044, rs1042713, rs1042714), and HTR1A 

(rs1364043, rs13361335) 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 p-value <0.05 was considered 

significant. Results: Women presented a 2.2 times greater likelihood than men of 

developing chronic joint pain associated with TMD, and their risk of joint disorders 

and associated muscle disorders (multiple diagnoses) increased by a factor of 3.6. 

Significant association was observed for the COMT and ADRB2 genes between the 

group with muscular TMD and the control. The CT genotype for the COMT 

(rs9332377) gene was associated with protective characteristics against the 

development of muscular TMD (p = 0.04). In contrast, the GG genotype (p = 0.06) 

and the G allele (p = 0.05) in the COMT (rs6269) gene showed a tendency of 

association with the presence of muscular TMD. In the ADRB2 (rs1042713) gene, a 
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protective characteristic against muscular TMD development, associated with the AA 

genotype (p = 0.02), was observed. Conclusion: This study supports the hypothesis 

that alterations in the COMT and ADRB2 genes influence the presence of chronic 

pain in individuals with TMD. 
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INTRODUCTION 

Temporomandibular disorders (TMD) are characterized by a set of painful and / 

or non-functional conditions involving the masticatory muscles and / or the 

temporomandibular joints (1). Around 10% of these disorders evolve unsatisfactorily, 

with a poor prognosis, associated with the chronicity and spread of pain to 

surrounding areas (2-3). However, the mechanisms involved in the pathophysiology 

of chronic pain arising from TMD are poorly understood, making it difficult to obtain 

accurate diagnoses and hence appropriate treatments (4-5). Current evidence 

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

influenced by genetic and epigenetic alterations (6-7) in the pain inhibitory systems 

and in the sensitizing processes of the central and peripheral nervous systems (6-8). 

Peripheral sensitization is characterized by intense production of endogenous 

factors, including peptide neurotransmitters and inflammatory cytokines, able to 

sensitize the primary afferent neurons (9-10). During this process, there is 

identification of a subpopulation of afferent nerve endings, polymodal and 

unmyelinated, that demonstrate little or no activity until they are subjected to extreme 

stimulation (11). These fibers exhibit phenotypic plasticity, so as to initiate the 

expression of neurokinins and of their receptors (12). 

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 (13). 
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However, the brain does not passively receive the nociceptive message. (14). 

The descending modulatory system of pain operates in the brainstem, hypothalamus, 

and cortical structures, 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 (15-16). 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 (15). 

Among the genes related to the nociceptive process is the gene encoding the 

catechol-O-methyltransferase enzyme (COMT). COMT is responsible for 

metabolizing catecholamines via the transfer of a methyl group, with epinephrine 

being its main substrate (17). Different single nucleotide polymorphisms (SNPs) 

induce significant functional changes in this enzyme. The best-studied polymorphism 

(rs4680) occurs at codon 158, resulting in a valine to methionine transition (Val-158-

Met). In individuals with chronic pain, including TMD, the haplotype linked to lower 

COMT activity was associated with increased sensitivity to pain (18). 

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 (18), given there 

are positive associations between SNPs in the COMT and ADRB2 genes, and 

chronic conditions of musculoskeletal pain (19-20). The ADRB2 receptor is a ligand 

coupled to G-protein and expressed in peripheral sites 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 
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facilitates the transmission of pain through the release of pro-inflammatory molecules 

(21). 

The serotonergic system is also highly involved in the regulation of affective, 

homeostatic, and pain mechanisms. The peripheral action of serotonin is different 

from its central action (22). In the periphery, serotonin exerts a pro-nociceptive effect 

(23) and is considered an inflammatory mediator, released from platelets and mast 

cells after tissue injury, and exerting direct action on C fibers (23). At the central level, 

this substance is located in the superficial layers of the dorsal horn and has an anti-

nociceptive effect (23). 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 (24). Several polymorphisms in genes 

related to serotonin receptors have been repeatedly associated with the risk of TMD 

and chronic pain development (24). A significant association was found between the 

serotonin receptor gene HTR2A (rs9316233) and TMD, while the G allele 

demonstrated a protective effect against the development of the disorder (24). 

It is believed that the association between TMD and the presence of chronic 

pain, 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. 
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MATERIALS AND METHODS 

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) (25) were 

followed for the study's design and development. 

The study included individuals attended at the Fluminense Federal University  

(who were companions or patients seeking hospital care), 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 three 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 

(26), the tool validated for the physical diagnosis of TMD, and that allows 

classification of participants into some of the following diagnostic subgroups: (a) no 

TMD; (b) painful muscle disorders; (c) joint disc position changes; and (d) 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. 



31 
 

 

The joint diagnoses (subgroups 2 and 3) were combined to form a single 

group called "joint disorders." Thus, in the end, four groups were formed: (a) control 

(no TMD diagnosed); (b) muscle disorders; (c) joint disorders; and (d) muscle and 

joint disorders. This tool was administered to all patients by a single trained examiner 

(author L.L.B.). 

 

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 (27-28). 

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 had both muscle and joint disorders in the TMJ and 

also had some other type of chronic arthralgia; and 4) Individuals without TMD and 

who did not have any type of joint pain (control group). Participants with TMD and 

without some other arthralgia, and also those without TMD but who had pain in other 

joints were excluded in order to clarify analysis of the results. 

Stage 3 - Genotyping 

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

previously described (29). The concentration and purity of DNA were analyzed using 
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the NanoDrop® spectrophotometer (Thermo Scientific, Wilmington, DE, USA). All 

samples had to present an A260 nm / A280 nm ratio greater than 1.9 (30). 

Three single nucleotide polymorphisms in the COMT (rs165774, rs6269, 

rs9332377) and ADRB2 (rs2053044, rs1042713, rs1042714) genes and two SNPs 

(rs1364043, rs13361335) from the HTR1A 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 >0.12. 

All procedures followed the recommendations of the STREGA (31). 

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 National Institute of Traumatology and 

Orthopedics, 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 between groups, the chi-square 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% 



33 
 

 

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 the two-year period, 199 were 

included in the study. Of these, 127 had TMD and other arthralgia, involving 92 

women (72.4%) and 35 men (27.6%). Among the TMD subgroups formed, 42 (33%) 

had muscle disorders, 16 (12.5%) joint disorders, and 69 (54.5%) multiple diagnoses 

(muscle and joint TMD). The control group consisted of 72 individuals, 39 women 

(54.2%) and 33 men (45.8%). 

The chi-square test revealed a higher prevalence of women with arthralgia (p 

= 0.001). Based on the calculation of the odds ratio, the risk of having chronic joint 

pain associated with TMD is 2.2 times higher for women than for men (OR 2.2; 95% 

CI, 1.2 - 4.0) . Regarding the type of TMD, women had a 3.6 times greater likelihood 

of developing joint disorders and associated muscle disorders (multiple diagnoses) 

than men (Table 1). 

 

 

Table 1 - Clinical parameters of the study population 

 Control  Muscle Joint Multiple p-value* (OR: CI)  

http://anthro.unige.ch/arlequin


34 
 

 

N=72 N=42 N=16 diagnoses 

N= 69 

Control x 

Muscle 

Control x 

Joint 

Control x 

Multiple diagnoses 

 
GENDER (n%) 

 

 
      

 Female 39 (54.2) 27 (64.2) 9 (56.3) 56 (81.1) 0.38 (1.5 :0.6-3.3) 0.8 (1.0 :0.3-3.2) 0.001 (3.6 :1.7-7.8)  

 Male 33 (45.8) 15 (35.8) 7 (43.7) 13 (18.9)    

 
AGE 42.2 ± 13.9 37.7 ± 17.1 33.6 ± 14.6 39.2 ± 16.4 0.32 0.52 0.37 

 MEAN PAIN 

DURATION (IN 

YEARS) 

0 4.1 ± 1.3 2.2 ± 1.1 2.7 ± 1.4 --- --- --- 

OR: odds ratio; CI: confidencial interval 

 

There was no statistically significant difference between the groups 

considering the age distribution. Through the Pearson correlation test, it was 

observed that the variables, number of joints with pain, and age, do not depend 

linearly on each other (r = 0.37; p>0.05). 

 

Genetic association analysis 

The characteristics of the 8 polymorphisms studied in the COMT (n = 3), 

ADRB2 (n = 3), and HTR1A (n = 2) genes are shown in Table 2. The frequencies of 

the genotypes and alleles were adjusted for age, and are provided in Table 3. 

Significant association in the COMT and ADRB2 genes was observed 

between the group with muscular TMD and the control. The CT genotype for the 

COMT (rs9332377) gene is highly associated with the protective characteristic 
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against the development of muscular TMD (p = 0.04). In contrast, the GG genotype 

(p = 0.06) and the G allele (p = 0.05) in the COMT (rs6269) gene showed a tendency 

of association with muscular TMD. 

In the ADRB2 (rs1042713) gene, we observed a protective characteristic 

against muscular TMD development, associated with the AA genotype (p = 0.02) 

(Table 3). 

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. 
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Table 2 - Characteristics of the polymorphisms studied in the COMT, ADRB2, and 

HTR1A genes  

Gene 

symbol 

 

Gene name 

SNP  
Chromosom

e 

Base pair 

position* 
SNP type 

Base changea 

MFAb 

Major Minor 

COMT 

catechol-O- 

methyltransferas

e 

rs165774 

 

22 

19965038 Intragenic A G 0.20 

rs6269 19962429 Intragenic A G 0.35 

rs9332377 19968169 Intragenic C T 0.17 

ADRB2 
Adrenoceptor 

beta 2 

rs2053044 

5 

14882580

9 
Intragenic A G 0.34 

rs1042713 14882687

7 
Missense A G 0.47 

rs1042714 14882691

0 
Missense A G 0.20 

HTR1A 

5-

hydroxytryptami

ne (serotonin 

receptor 1A) 

rs1364043 
 

5 

63955024 Intergenic G T 0.33 

rs1336133

5 
63970064 Intergenic G T 0.23 

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

according to GenBank. 
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Table 3 - Distribution of genotypes and alleles of the COMT, ADRB2, and HTR1A 

genes, adjusted for age 

 

SNP Genotypes 
Control  

N=72 

Muscle 

N=42 

Joint 

N=16 

Multiple 

diagnoses 

N= 69 

p-value* (CI) (AJUSTED FOR AGE) 

Gene Control x 

Muscle 

Control x 

Joint 

Control x 

Multiple diagnoses 

COMT 

rs165774 AA-AG-GG 2-37-31 3-16-21 1-8-7 4-27-37 0.26 0.83 0.48 

 AG+GG 68 37 15 64 0.25 (0.3 (0.0-2.2) 0.4 (0.4 (0.0-5.1) 0.32 (0.4 (0.0-2.6) 

 A 41 22 10 35 

0.8 (0.9 (0.4-1.6) 0.4 (1.0 (0.4-2.5) 0.59 (0.8 (0.4-1.4) 

 G 99 58 22 101 

rs6269 GG-GA-AA 1-22-43 4-16-19 1-5-9 3-19-44 0.11 0.65 0.56 

 GA+AA 65 35 14 63  0.06 (0.1 (0.0-1.2) 0.3 (0.2 (0.0-3.6) 0.3 (0.3 (0.0-3.1) 

 G 24  24  7  25 

0.05 (2 (1.0-3.8) 0.6 (1.3 (0.5-3.5) 0.4 (1.0 (0.5-1.9) 

 A 108  54  23  107  

rs9332377 
CC-CT-TT 10-37-13 8-14-14 3-7-4 7-33-21 0.04 0.77 0.23 

  CT+TT 50 28 11 54 0.68 (0.7 (0.2-1.9) 0.4 (0.7 (0.1-3.1) 0.5 (1.5 (0.5-4.3) 

  C 57 30 13 47 

0.5 (0.7 (0.4-1.4) 0.9 (0.9 (0.4-2.1) 0.2 (0.6 (0.4-1.1) 

  T 63 42 15 75 

 rs2053044 AA-AG-GG 4-47-18 4-22-16 1-8-7 4-46-17 0.35 0.5 0.65 

  AG+GG 65 38 15 63 
0.35 (0.58 (0.13-

2.4) 

0.65 (0.92 (0.09-

8.8) 
0.62 (0.96 (0.23-4.04) 

  A 55 30 10 54 0.63 (0.83 (0.4-1.4) 0.48 (0.6 (0.3- 0.51 (1.0 (0.6-1.6) 
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  G 83 54 22 80 1.5) 

 rs1042713 AA-AG-GG 67-1-0 28-3-0 13-0-0 53-1-0 0.02 0.5 0.76 

ADRB2  AG+GG 1 3 0 1 0.08 (7.1 (0.7-72.0) 0.83 (---) 0.69 (1.26 (0.0-20.6) 

  A 135 59 26 107 

0.09 (0.1 (0.0-1.4) 0.83 (---) 0.69 (0.7 (0.0-12.8) 

  G 1 3 0 1 

 rs1042714 CC-CG-GG 32-25-4 23-13-4 10-6-0 28-35-1 0.58 0.33 0.05 

  CG+GG 29 17 6 36 0.7 (0.8 (0.3-1.8) 0.6 (0.6 (0.2-2.0) 0.42 (1.4 (0.7-2.8) 

  C 89 59 26 91 

0.5 (1.0 (0.5-1.9) 0.4 (1.6 (0.6-4.2) 0.8 (0.9 (0.5-1.5) 

  G 33 21 6 37 

 rs1364043 GG-GT-TT 33-38-0 14-28-0 6-10-0 23-45-0 0.43 0.5 0.3 

  GT+TT 38 28 10 45 0.2 (1.7 (0.7-3.8) 0.7 (1.4 (0.4-4.4) 0.1 (1.6 (0.8-3.3) 

  G 104 56 22 91 

0.3 (0.7 (0.4-1.3) 0.7 (0.8 (0.3-1.8) 0.3 (0.7 (0.4-1.2) 
HTR1A  T 38 28 10 45 

 rs13361335 GG-GT-TT 0-13-54 0-10-32 0-1-15 0-11-53 0.27 0.2 0.96 

  GT+TT 55 42 16 64 1 (---) 1 (---) 1 (---) 

  G 13 10 1 11 

0.7 (1.2 (0.5-3.0) 0.2 (0.3 (0.0-2.3) 0.9 (0.8 (0.3-2.0) 

  T 121 74 31 117 

 

* p-value compared to control group / CI: Confidence interval;  
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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 with the control group, and 

adjusting for age (Table 4). 

Regarding the COMT gene, there was a tendency of association of the GGC 

haplotype (p = 0.06) with protection against the combined development of muscle 

and joint disease. 

Table 4 - Analysis of haplotypes 

Gene 

Haplotype 

Frequency p-value (AJUSTED FOR AGE) 

 
Control 

(n=72) 

Muscle 

(n=42) 

Joint 

(n=16) 

Multiple 

diagnoses 

(n=69) 

Control x 

Muscle 

Control x 

Joint 

Control x 

Multiple 

diagnoses 

COMT – Ch22 

(rs165774; 

rs6269; 

rs9332377) 

AGT 0.29 0.26 0.31 0.36 NA --- 0.24 

GGC 0.28 0.19 0.25 0.20 0.18 0.71 0.06 

GGT 0.24 0.21 0.21 0.20 0.83 0.66 --- 

GAC 0.18 0.21 0.21 0.17 0.83 0.97 0.23 

ADRB2 – Ch5 

(rs2053044; 

rs1042713; 

rs1042714) 

GAC 0.57 0.61 0.68 0.57 --- --- --- 

AAG 0.25 0.23 0.18 0.25 0.73 0.31 0.34 

AAC 0.14 0.09 0.12 0.14 0.35 0.44 0.62 

HTR1A – Ch5 

(rs1364043; 

rs13361335) 

GT 0.6342 0.5476 0.6562 0.5835 --- --- --- 

TT 0.2676 0.3333 0.3125 0.3309 0.15 0.82 0.27 

GG 0.0982 0.119 0.0312 0.0856 0.1 0.31 0.69 

 



40 
 

 

DISCUSSION  

The development of chronic pain in patients with TMD, as well as its frequent 

comorbidity with other musculoskeletal pain, 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 chronic joint pain in individuals with TMD. Consistent with our 

hypothesis, our results clearly showed that polymorphisms in the COMT and ADRB2 

genes are associated with the presence of chronic joint pain and TMD. This strong 

genetic influence involved in the pathophysiology of TMD was also confirmed by our 

group in a previous study with individuals who reported pain only in the shoulder joint 

(30). 

Genetic alterations can influence the states of chronic pain through action in 

the pain inhibitory systems and sensitizing processes of the peripheral and central 

nervous systems (6-8). 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 (32). In our study, the volunteers were classified 

according to the type of TMD presented (RDC / TMD) (26). 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 (20-33). 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 (34), all the genetic results were adjusted 

for age, in an attempt to isolate this factor, since it is an observational study. 
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A significant association in the COMT and ADRB2 genes was observed in the 

group with muscular TMD (24). 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 (35). 

Several polymorphisms may lead to alteration of the COMT gene, with the 

change being in the rs4680 region, the best-studied. This polymorphism occurs at 

codon 158, resulting in a valine to methionine transition (Val-158-Met), and 

consequent production of a defective enzyme (Met-158-Met), incapable of effectively 

metabolizing catecholamines (36). However, when individuals with high sensitivity to 

pain are analyzed, it is seen that the genotype they present is the same as for those 

with low sensitivity, both having 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 (37). 

In the study by Diatchenko et al. (2006)(38), 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 (38). 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 G allele and the 
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polymorphic GG genotype, in the COMT (rs6269) gene, in patients with muscular 

TMD associated with other chronic joint pain. It is emphasized, however, that this 

SNP has not been studied, to date, in the Brazilian population, so there is no 

information on the most frequent alleles in this group. The rs9332377 region in 

heterozygosity showed association with protection against the development of 

muscular TMD 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, monitored over a period of 17 

years (33). 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 (33), corresponding with our findings, from which we can 

suggest that heterozygosity favors a pattern of protection associated with the 

production of the COMT enzyme. 

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 (38). It is believed that these alterations result 

from polymorphisms that are capable of influencing at least one of the two functional 

sites within the gene locus: one that influences the expression level of the receptor 

and the other that determines the responsiveness to the stimulation’s agonist (38), 

being related to the catecholamines, and indirectly with the COMT enzyme (18). 

Thus, it is believed that the risk of phenotypic alterations due to polymorphisms in 

the ADRB2 gene is substantially greater than that associated with other risk factors, 
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such as exposure to estrogens, history of chronic pain, and even genetic variations 

in the COMT gene (19). 

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 

response to the stimulation’s agonist (39), and the increase in messenger RNA 

transcription (20). Polymorphisms in this region were associated with regulation of 

the state of chronic pain in a British cohort (20), and the increased risk, by a factor of 

about ten, of developing TMD (38). In our study, conducted in the Brazilian 

population, we observed that the AA (rs1042713) genotype was associated with the 

protection against development of muscle disorder associated with chronic joint pain 

(p = 0:02), which confirms the lack of association of the polymorphic genotype for 

this SNP with the control group. 

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 (40). 

Such receptors are also highly expressed in areas with strong involvement in 

emotional and affective processes, including the hippocampus, cingulate cortex, 

orbitofrontal cortex, insula, amygdala, and raphe (41). Consequently, variation in the 

gene of this receptor (HTR1A) can contribute to inter-individual differences in the 

sensitivity to and perception of human pain (40). 

The G/C polymorphism in the HTR1A (rs6265) gene was associated in 

previous studies with depression, suicide, antidepressant responsiveness (42), and 
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changes in sensitivity to heat (40). 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, although statistically significant associations were not found 

in this gene in our study, 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. 

It is also noted that this study has limitations. 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. Additionally, other 

types of genetic studies should be carried out, considering the analysis of specific 

miRNA, and also the level 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 

Polymorphisms in the COMT gene are related to the presence of myogenic 

TMD associated with chronic arthralgia. In this same group of individuals, alterations 

in the ADRB2 gene are associated with the protection against the development of 

muscular TMD. 

 



45 
 

 

 

REFERENCES 

1. Bender SD. Orofacial pain and headache: a review and look at the 

commonalities.  Current pain and headache reports 2014;18:1-6.  

2. Velly AM, Look JO, Carlson C, Lenton PA, Kang W, Holcroft CA, et al. The 

effect of catastrophizing and depression on chronic pain–a prospective cohort 

study of temporomandibular muscle and joint pain disorders. Pain 

2011;152:2377-2383. 

3. Ciancaglini R, Randaelli G. The relationship between headache and symptoms 

of temporomandibular disorders in the general population. J Dent 

Res 2001;29:93–98. 

4. Arendt-Nielsen L, Skou ST, Nielsen TA, Petersen KK. Altered central 

sensitization and pain modulation in the CNS in chronic joint pain. Current 

osteoporosis reports 2015;13:225-234.  

5. Staud R. Abnormal endogenous pain modulation is a shared characteristic of 

many chronic pain conditions. Expert review of neurotherapeutics 2012;12:577-

585. 

6. Diatchenko L, Fillingim RB, Smith SB, Maixner W. The phenotypic and genetic 

signatures of common musculoskeletal pain conditions. Nature Reviews 

Rheumatology 2013;9: 340-350.  



46 
 

 

7. Lee AS, Ellman MB, Yan D, Kroin JS, Cole BJ, van Wijnen AJ, et al. A current 

review of molecular mechanisms regarding osteoarthritis and pain. Gene 

2013;527:440-447.  

8. Ossipov MH, Morimura K, Porreca F. Descending pain modulation and 

chronification of pain. Current opinion in supportive and palliative care 

2014;8:143-151. 

9. Sharif-Naeini R, Basbaum AI. Targeting pain where it resides… in the 

brain. Science translational medicine 2011;3:65ps1-65ps1. 

10. Fornasari D. Pain mechanisms in patients with chronic pain. Clinical drug 

investigation 2012;32:45-52. 

11. Schaible HG. Pathophysiology of pain. Orthopade 2006;36:8-16. 

12. Hunter DD, Myers AC, Undem BJ. Nerve growth factor–induced phenotypic 

switch in guinea pig airway sensory neurons. American Journal of Respiratory 

and Critical Care Medicine 2000;161:1985-1990. 

13. Hermann GE, Holmes GM, Rogers RC. TNFα modulation of visceral and spinal 

sensory processing. Current pharmaceutical design 2005;11:1391-1409. 

14. Heinricher M, Tavares I, Leith J, Lumb B. Descending control of nociception: 

Specificity, recruitment and plasticity. Brain research reviews 2009;60:214–225 

15. Lee YC, Nassikas NJ, Clauw DJ. The role of the central nervous system in the 

generation and maintenance of chronic pain in rheumatoid arthritis, 

osteoarthritis and fibromyalgia. Arthritis Res Ther 2011;13:1. 

16. Millan MJ. Descending control of pain. Progress Neurobiol 2002;66:355-474. 



47 
 

 

17. Zubieta JK, Heitzeg MM, Smith YR, Bueller JA, Xu K, Xu Y, et al. COMT 

val158met genotype affects mu-opioid neurotransmitter responses to a pain 

stressor. Science 2003;299:1240-1243. 

18. Light KC, Bragdon EE, Grewen KM, Brownley KA, Girdler SS, Maixner W. 

Adrenergic dysregulation and pain with and without acute beta-blockade in 

women with fibromyalgia and temporomandibular disorder. J Pain 2009;10:542–

552. 

19. Diatchenko L, Slade GD, Nackley AG, Bhalang K, Sigurdsson A, Belfer I, et al.  

Genetic basis for individual variations in pain perception and the development of 

a chronic pain condition. Human molecular genetics 2005;14:135-143. 

20. Hocking LJ, Smith BH, Jones GT, Reid DM, Strachan DP, Macfarlane GJ. 

Genetic variation in the beta2-adrenergic receptor but not catecholamine-O-

methyltransferase predisposes to chronic pain: results from the 1958 British 

Birth Cohort Study. Pain 2010; 149: 143-151. 

21. Hartung JE. Ciszek BP, Nackley AG. β 2-and β 3-adrenergic receptors drive 

COMT-dependent pain by increasing production of nitric oxide and 

cytokines. Pain 2014;155:1346-1355. 

22. Dray A. c. Br. J. Anaesth 1995;75:125–131. 

23. Viguier F, Michot B, Hamon M, Bourgoin S. Multiple roles of serotonin in pain 

control mechanisms—Implications of 5-HT 7 and other 5-HT receptor types. 

European journal of pharmacology 2013;716:8-16.  

24. Smith SB, Mir E, Bair E, Slade GD, Dubner R, Fillingim RB, et al. Genetic 

variants associated with development of TMD and its intermediate phenotypes: 



48 
 

 

the genetic architecture of TMD in the OPPERA prospective cohort study. The 

Journal of Pain 2013;14:T91-T101.  

25. Von Elm E, Altman DG, Egger M, Pocock SJ, Gotzsche PC, Vandenbroucke 

JP. The Strengthening the Reporting of Observational Studies in Epidemiology 

(STROBE) statement: guidelines for reporting observational studies. Preventive 

medicine 2007;45:247-251.  

26. Dworkin SF, LeResche L. Research diagnostic criteria for temporomandibular 

disorders: review, criteria, examinations and specifications, critique. J 

Craniomand Disord 1992;6:301-355. 

27. International Association for the Study of Pain Task Force on Taxonomy. 

Classification of Chronic Pain: Descriptions of Chronic Pain Syndromes and 

Definitions of Pain Terms. Seattle: IASP Press; 1994. 

28. Burns L, Ritvo S, Ferguson M, Clarke H, Seltzer ZE, Katz J. Pain 

catastrophizing as a risk factor for chronic pain after total knee arthroplasty: a 

systematic review, 2015. 

29. Kuchler EC, Tannure PN, Falagan-Lotsch P, Lopes TS, Granjeiro JM, Amorim 

LM. Buccal cells DNA extraction to obtain high quality human genomic DNA 

suitable for polymorphism genotyping by PCRRFLP and real-time PCR. J Appl 

Oral Sci 2012;20:467-471.  

30. Bonato LL, Quinelato V, Amaral MVG, de Souza FN, Lobo JC, Aguiar DP, et al. 

ESRRB polymorphisms are associated with comorbidity of temporomandibular 

disorders and rotator cuff disease. International Journal of Oral and Maxillofacial 

Surgery 2016;45:323-331.  



49 
 

 

31. Little J, Higgins JP, Ioannidis JP, Moher D, Gagnon F, von Elm E, et al. 

Strengthening the REporting of Genetic Association studies 

(STREGA)—an extension of the STROBE statement. Eur J Clin Invest 

2009;39:247- 

266. 

32. Smith SB, Maixner DW, Greenspan JD, Dubner R, Fillingim RB, Ohrbach R, et 

al. Potential genetic risk factors for chronic TMD: genetic associations from the 

OPPERA case control study. The Journal of Pain 2011;12:T92-T101.  

33. Skouen JS, Smith AJ, Warrington NM, O’Sullivan PB, McKenzie L, Pennell CE, 

et al. Genetic variation in the beta‐2 adrenergic receptor is associated with 

chronic musculoskeletal complaints in adolescents. European Journal of Pain 

2012;16:1232-1242.  

34. Wang XD, Zhang JN, Gan YH, Zhou YH. Current understanding of pathogenesis and 

treatment of TMJ osteoarthritis. Journal of dental research 2015;94:666-673.  

35. Younger JW, Shen YF, Goddard G, Mackey SC. Chronic myofascial 

temporomandibular pain is associated with neural abnormalities in the 

trigeminal and limbic systems. Pain 2010; 149:222-228.  

36. Mannisto PT, Kaakkola S. Catechol-O-methyltransferase (COMT) biochemistry, 

molecular biology, pharmacology, and clinical efficacy of new selective COMT 

inhibitors. Pharmacol Rev 1999; 51:593-628. 

37. Kostopoulou F, Malizos KN, Papathanasiou I, Tsezou A. MicroRNA-33a 

regulates cholesterol synthesis and cholesterol efflux-related genes in 

osteoarthritic chondrocytes. Arthritis research & therapy 2015;17:1.  



50 
 

 

38. Diatchenko L, Anderson AD, Slade GD, Fillingim RB, Shabalina SA, Higgins TJ, 

et al. Three major haplotypes of the β2 adrenergic receptor define psychological 

profile, blood pressure, and the risk for development of a common 

musculoskeletal pain disorder. American Journal of Medical Genetics Part B: 

Neuropsychiatric Genetics 2006;141:449-462.  

39. Small KM, McGraw DW, Liggett SB. Pharmacology and physiology of human 

adrenergic receptor polymorphisms. Annu Rev Pharmacol Toxicol 

2003;43:381–411.  

40. Lindstedt F, Karshikoff B, Schalling M, Höglund CO, Ingvar M, Lekander M, et 

al. Serotonin-1A receptor polymorphism (rs6295) associated with thermal pain 

perception. PloS one 2012;7:e43221.  

41. Kranz GS, Kasper S, Lanzenberger R. Reward and the serotonergic system. 

Neuroscience 2010;166: 1023–1035. 

42. Donaldson ZR, Le Francois B, Santos TL, Almli LM, Boldrini M, Champagne 

FA, et al. The functional serotonin 1a receptor promoter polymorphism, rs6295, 

is associated with psychiatric illness and differences in transcription. 

Translational psychiatry 2016;6:e746. 



50 
 

 

 

ARTIGO 2 
 

Formatado nas normas do periódico “Journal of Orofacial Pain (ISSN: 
1064-6655)” 

 

 

HAPLOTYPES IN THE RANK AND OPG GENES ARE ASSOCIATED WITH 

CHRONIC ARTHRALGIA IN INDIVIDUALS WITH AND WITHOUT 

TEMPOROMANDIBULAR DISORDERS 

 

Letícia Ladeira Bonato1, Valquiria Quinelato2, Radovan Borojevic3, Alexandre 

Rezende Vieira4, Adriana Modesto4, José Mauro Granjeiro5, Ricardo Tesch6, Priscila 

Ladeira Casado7 

1 Specialist in TMD and orofacial pain, School of Medicine of Petrópolis; 

Doctoral student of Dentistry, Fluminense Federal University. 

2  Doctoral student of Dentistry, Fluminense Federal University. 

3 Center of Regenerative Medicine, Petrópolis Faculty of Medicine, Petrópolis, 

Rio de Janeiro, Brazil.  

4 Departments of Oral Biology and Pediatric Dentistry, School of Dental 

Medicine, University of Pittsburgh, Pittsburgh, USA 

5 Federal University, Niterói, RJ, Brazil; National Institute of Metrology, Quality 

and Technology, Rio de Janeiro, RJ, Brazil; Cell Therapy Center, Clinical Research 

Unit and Biology Institute, Fluminense Federal University, Niterói, RJ, Brazil; 

6 Assistant Professor, School of Medicine of Petropolis; Specialist in 

Temporomandibular Disorders and Orofacial Pain, School of Medicine of Petrópolis; 



51 
 

 

Professor of specialization courses in Orthodontics, Brazilian Dental 

Association - Petrópolis and Duque de Caxias; Professor of Orthodontics of the 

Specialization Course at the Pontificia Universidad Católica Madre y Maestra - 

Dominican Republic. 

7Adjunct Professor A of Periodontics, Fluminense Federal University (UFF) 

Corresponding author 

Priscila Ladeira Casado 

School of Dentistry Fluminense Federal University 

Mario Santos Braga St, 28 - Centro - Niterói – RJ - Brazil - 24020-140 

Tel: +55 (21) 2629-9920; Fax: +55 (21) 2629-9920 

E-mail: plcasado@hotmail.com 

 

 

 

 

 

 

 

 

 

 

 

mailto:plcasado@hotmail.com


52 
 

 

ABSTRACT 

The frequent comorbid osteoarthritis afflicting various joints in patients with 

temporomandibular disorders (TMD) suggests an influence of genetic alterations on 

the joint pathology. Aim: The aim of the present study was to evaluate the 

association between polymorphisms of the OPG, RANK, and RANKL genes and the 

comorbid presence of chronic systemic arthralgia in patients with TMD. Materials 

and method: All subjects were clinically evaluated for the presence of 

temporomandibular disorders (RDC/TMD) and asked about the presence of chronic 

joint pain. The control group consisted of 72 individuals without TMD and without 

pain. Patients with arthralgia were divided into two groups: with joint TMD (n = 85) 

and without joint TMD (n = 82). A total of fourteen single nucleotide polymorphisms in 

the OPG (rs11573919, rs11573875, rs11573854, rs11573838, rs11573817, and 

rs11573816), RANK (rs474369, rs9498322, rs504762, rs6920383, and rs237033), 

and RANKL (rs492956, rs13215304, and rs12660731) 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:In the OPG gene, significant association was 

observed between the group with chronic arthralgia and with TMD, as compared to 

the control group (p = 0.04), which also presented a tendency of association of the 

haplotype CGCCAA (p = 0.06) with increased risk of developing chronic joint pain, 

even in the absence of TMD. In the RANK gene, the AGTGC haplotype was 

associated (p = 0.03) with protection against the development of chronic joint pain in 

individuals without TMD. Conclusion: This study supports the hypothesis that 

changes in the OPG and RANK genes influence the presence of chronic joint pain in 

individuals with or without TMD. 
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INTRODUCTION 

Osteoarthritis (OA) of the temporomandibular joint (TMJ) is a degenerative 

disease, characterized by low intensity inflammation (1), which generally begins with 

synovitis and progressive cartilage degradation, with subsequent remodeling of the 

subchondral bone. Usually this leads to limited mandibular function and chronic pain 

(2). Although the degradation of articular cartilage is one of the main characteristics 

of OA, its precise mechanism is still unknown (3). 

Recent studies report that the damage of the subchondral bone, resulting 

from changes in the induction, proliferation, and metabolism of osteoblasts and 

osteoclasts, may be responsible for the onset and progression of cartilage 

degeneration (3-4). During the OA process, the subchondral bone undergoes 

metabolic and structural alterations, which lead to microfractures, angiogenesis and, 

subsequently, reactive bone sclerosis. Histologically, the tidemark (line that divides 

the calcified from the uncalcified cartilage) is duplicated, there is penetration of new 

blood vessels into the calcified cartilage, and increase in subchondral bone 

thickness (5-6). Such changes affect the biomechanical properties of overlying 

articular cartilage and modify its biological relationship with the subchondral bone (6-

7). 

The responses to the OA process are influenced by the expression of 

different genes (6-8), responsible for the control of communication between 

osteoblasts and osteoclasts, fundamental for the balance and maintenance of joint 

structure and function (9). The key signaling pathway that directly influences this 

communication involves molecular receptors such as Receptor Activator of NF-kB 

(RANK), its ligand (RANKL), and osteoprotegerin (OPG), more formally known as 

tumor necrosis factor receptor superfamily member 11B (TNFRSF11B) (9). 
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The RANKL stimulates osteoclastogenesis by binding with the RANK cell-

surface receptor, located on precursors or on immature osteoclasts. The RANK-

RANKL binding leads to activation of specific signaling pathways involved in 

osteoclast formation, and it is consequently related to bone resorption. The 

molecular receptor OPG is secreted by the stroma containing various cells including 

osteoblasts, and it binds to RANKL. The interaction between OPG and RANKL 

inhibits the binding between RANK and RANKL, thereby blocking the activation of 

RANK and the subsequent osteoclastogenesis (3). 

Recent studies have shown that the RANKL and OPG are also expressed in 

chondrocytes of the cartilage growth-plate. The RANKL/OPG binding in 

chondrocytes can modulate the differentiation of chondroblasts by a mechanism 

similar to osteoclastogenesis, dependent upon osteoblasts (10). As a result, the 

RANK / RANKL / OPG system has a dual action in the pathogenesis of OA, either 

through its effect on the remodeling of subchondral bone or by direct action upon the 

homeostasis of chondrocytes (3-6). 

A strong decrease in the concentration of OPG was detected in the synovial 

fluid of patients with internal derangements of the TMJ. Treatment in vitro of 

mononuclear cells with synovial fluid of patients with temporomandibular OA 

resulted in elevated production of cells with osteoclastic characteristics. The addition 

of anti-RANKL immunoglobulin or of OPG, attenuated osteoclast formation induced 

in this model, suggesting that increasing the RANKL/OPG proportion in the articular 

microenvironment can induce osteoclastogenesis in the TMJ (11). The induction of 

psychological stress and abnormal mechanical articular overload in animals resulted 

in subchondral bone loss in mandibular condyles (4). The pathophysiology of this 
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process involved an increase in the secretion of RANKL by adult mesenchymal cells 

from condylar bone marrow, promoting the exacerbation of osteoclastic activity. 

Previous studies have shown that polymorphisms in regulatory regions of the 

genes coding the RANK, RANKL and OPG receptors were associated with joint 

destruction in patients with rheumatoid arthritis (13-14), with stress fractures of 

bones in elite athletes (rs3018362 (RANK) and rs1021188 (RANKL)) (15), and with 

alterations in the bone remodeling, fractures, and bone mineral density in pre and 

postmenopausal women (16-17). 

It is estimated that approximately 50% of temporomandibular OA cases are 

due to genetic polymorphisms involving the genes related to the metabolism of 

chondrocytes, osteoblasts, and osteoclasts (18). However, to date, there are no 

controlled studies evaluating genetic alterations in the osteoclastogenesis system in 

individuals with temporomandibular joint disorders. 

It is believed that the development of OA, both in the TMJ and in other joints in 

the body, does not occur randomly. The hypothesis raised in the present study is that 

there is a genetic basis for the comorbid clinical development of both conditions. The 

presence of polymorphisms in genes associated with osteoblast and chondroblast 

metabolism can be related to the development of joint disease. Our aim was to 

determine the possible association between polymorphisms in the RANK, RANKL, 

and OPG genes, and the combined presence of chronic systemic arthralgia in 

individuals with TMD. 
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MATERIALS AND METHODS 

This is a descriptive, cross-sectional, randomized study, approved on May 30, 

2013, by the Research Ethics Committee of University Salty Olive – Universe, under 

the number 286.354. The written and informed consent was obtained from 

participants prior to conducting the research. The recommendations from 

Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) 

(19) were followed for the study's design and development, 

The study also included individuals attended at the Fluminense Federal 

University, who were companions or patients seeking hospital care, 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, or 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 three 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) (20), the 

tool validated for the physical diagnosis of TMD, which allowed classification of 

participants into some of the following diagnostic subgroups: (0) no TMD; (I) painful 

muscle disorders; (II) joint disc position changes; and (III) painful and/or degenerative 

TMJ conditions. This classification was not mutually exclusive, allowing each 

participant to belong to more than one diagnosis subgroup at the same time. 
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The joint diagnoses (subgroups II and III) were combined to form a single 

group called "joint disorders." Thus, two groups were formed: (a) control (no TMD 

diagnosed); (b) with articular type TMD. This tool was administered to all patients by 

a single trained examiner (author L.L.B.). 

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 (21-22). 

According to the diagnosis of TMD and other assessed arthralgia, the study 

volunteers were again divided, this time into three groups: (1) with articular TMD and 

chronic pain in other joints; (2) individuals without TMD and with chronic systemic 

arthralgia; and (3) individuals without TMD or any type of joint pain (control group). 

Stage 3 - Genotyping 

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

previously described (23). The quantity 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 (24). 

Six single nucleotide polymorphisms in the OPG gene (rs11573919, 

rs11573875, rs11573854, rs11573838, rs11573817, and rs11573816), five in the 

RANK gene (rs474369, rs9498322, rs504762, rs6920383, and rs237033), and three 
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SNPs in the RANKL gene (rs492956, rs13215304, and rs12660731) 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 (25). 

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 National Institute of Traumatology and 

Orthopedics, 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. To 

evaluate the significance of nominal variables between groups, the chi-square test 

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 chronic arthralgia by age group: 

http://anthro.unige.ch/arlequin
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From a total of 337 volunteers evaluated during a period of two years, 239 

were included in the study. Of these, 85 had chronic arthralgia and concomitant 

articular TMD, involving 52 women (61.2%) and 33 men (38.8%), while another 

group, also with chronic arthralgia but without any TMD diagnosis (n = 82), was 

formed by 52 women (63.4%) and 30 men (36.5%). The control group, composed of 

72 individuals free of any joint symptoms and other TMD diagnoses, was formed by 

the inclusion of 39 women (54.2%) and 33 men (45.8%). 

Among the locations of reported arthralgia, the knee was the most prevalent in 

both groups, followed by reported pain in the hip and shoulder regions (Table 1). The 

use of the chi-square statistical test showed no statistically significant difference 

between the prevalence of the number of sites affected by reported joint pain in the 

two groups studied. 
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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 (%) 

No TMD (n=82) 

n (%) 
p-value* (OR:CI) 

Knee 59 (69.4) 48 (58.5) 0.19 (1.6 :0.8-3.0) 

Hip 12 (14.1)73 20 (24.3)62 0.13 (0.5: 0.2-1.1) 

Ankle 4 (4.7)81 5 (6.09)77 0.47 (0.7: 0.19-2.9)  

Shoulder 7 (8.2)78 9 (10.9)73 0.74 (0.7: 0.2-2.0) 

Wrist 1 (1.2)84 3 (3.6)79 0.29 (0.3: 0.03-3.0) 

Elbow 2 (2.4)82 3 (3.6)79 0.48 (0.6: 0.1-3.9) 

*OR: odds ratio; CI: confidence interval 

 

Genetic association analysis: 

The characteristics of the fourteen polymorphisms 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. 
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Table 2 - Characteristics of the polymorphisms studied from the OPG, 
RANK, and RANKL genes 

Gene 

symbol 

 

Gene name 

SNP  Chromosome 
Base pair 

position* 
SNP type 

Base changea 

MAFb 

Major Minor 

OPG 

Tumor necrosis factor 

receptor superfamily member 

11B 

rs11573919 

8 

118929541 Intragenic A G 0.02 

rs11573875 118939606 Intragenic C T 0.02 

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 

Tumor necrosis factor 

receptor superfamily member 

11A 

rs474369 

6 

149322826 Intragenic A T 0.21 

rs9498322 149335950 Intragenic A G 0.19 

rs504762 149351529 Intragenic C T 0.21 

rs6920383 149356361 Intragenic A G 0.19 

rs237033 149393013 Intragenic A G 0.10 

RANKL 
Tumor necrosis factor 

superfamily member 11 

rs492956 

6 

149347391 Intragenic A G 0.21 

rs13215304 149378197 synonymous codon A G 0.01 

  rs12660731 149381090 Intragenic C T 0.04 

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

frequency according to GenBank. 
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Table 3 - Distribution of the genotypes and alleles of the OPG, RANK, and 

RANKL genes, adjusted for age. 

 

SNP Genotypes 

Control 

N=72 

 

Articular 

TMD and 

with 

arthralgia 

N=85 

 

No TMD 

and with 

arthralgia  

N=82 

p-value* (CI) (ADJUSTED FOR AGE) 

Gene      Control x 

articular TMD  

Control x No TMD 

and with arthralgia 

OPG 

R 

R 

rs11573919 CC-CT-TT 63-4-0 79-1-0 77-1-0 0.19 0.11 

 CT+TT 4 1 1 0.13 (0.19: 0.02-1.82) 0.13 (0.2: 0.02-1.8) 

 C 130 159 155 0.13 (4.8: 0.5-44.3) 0.14 (4.7: 0.5-43.2) 

 T 4 1 1  

rs11573875 AA-AG-GG 0-1-68  0-4-79 0-4-75 0.04 0.21 

 AG+GG 69 83 79 (---) (---) 

 A 1 4 4 0.24 (3.3: 0.37-30.6) 0.23 (3.5: 0.3-32.2) 

 G 137 162 154  

rs11573854 CC-CT-TT 64-4-0 77-5-0 80-1-0 0.58 0.11 

 CT+TT 4 5 1 0.61 (1.0: 0.2-4.0) 0.13 (0.2: 0.2-1.8) 

 C 132 159 161 0.61 (0.9: 0.25 – 3.6) 0.13 (4.8: 0.5-44.1) 

 T 4 5 1  

rs11573838 CC-CT-TT 71-1-0 84-1-0 82-0-0 0.95 0.22 

 CT+TT 1 1 0 0.70 (0.8: 0.05 -13.7) 0.46 (---) 

 C 143 169 164 0.70 (1.1: 0.07 – 19.0) 0.46 (---) 

 T 1 1 0   

rs11573817 AA-AG-GG 69-1-0 84-1-0 79-0-0 0.97 0.22 

 AG+GG 1 1 0 0.70 (0.82: 0.05 – 

13.3) 

0.46 (---) 

 A 139 169 158 0.70 (1.21: 0.07 – 

19.6) 

0.46 (---) 

 G 1 1 0   

rs11573816 AA-AG-GG 0-15-49 0-12-61 0-21-53 0.32 0.51 

 AG+GG 64 73 74 (---) (---) 

 A 15 12 21 0.22 (0.6: 0.3 – 1.5) 0.67 (1.2: 0.6-2.5) 

 G 113 134 127   
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In the OPG gene, significant association was observed by comparing 

individuals with chronic arthralgia and articular TMD, and the asymptomatic control 

R

RANK 

rs474369 AA-AT-TT 59-5-3 79-4-1 72-4-5 0.15 0.75 

 AT+TT 8 5 9 0.31 (0.4: 0.14 – 1.4) 0.92 (0.92: 0.33-2.5) 

 A 123 162 148 0.13 (2.4: 0.8 – 6.7) 0.92 (0.9: 0.4-2.1) 

 T 11 6 14   

rs9498322 AA-AG-GG 36-29-6 44-37-4 40-30-4 0.8 0.75 

 AG+GG 35 41 34 0.51 (0.9: 0.5 – 1.8) 0.8 (0.8: 0.4-1.6) 

 A 101 125 110 0.72 (1.1: 0.8 – 1.8) 0.63 (1.1: 0.7-1.9) 

 G 41 45 38  

rs504762 CC-CT-TT 0-12-59 0-12-70 0-13-68 0.56 0.89 

 CT+TT 71 82 81 (---) (---) 

 C 12 12 13 0.88 (0.8: 0.3 – 1.9) 0.92 (0.9: 0.42.1) 

 T 130 152 149  

rs6920383 AA-AG-GG 38-24-7 47-34-2 44-27-3 0.17 0.35 

 AG+GG 31 36 30 0.48 (0.9: 0.4 – 1.7) 0.71 (0.8: 0.4-1.6) 

 A 100 128 115 0.42 (1.2: 0.7 – 2.1) 0.3 (1.3: 0.7-2.2) 

 G 38 38 33   

rs237033 CC-CT-TT 44-24-1 51-29-3 50-25-2 0.93 0.86 

 CT+TT 25 32 27 0.88 (1.1: 0.5 – 2.1) 0.5 (0.9: 0.4-1.8) 

 C 112 131 125 0.72 (0.8: 0.4-1.5) 0.88 (1.0: 0.5-1.8) 

 T 26 35 29   

RANKL 

rs492956 AA-AG-GG 55-12-0 66-12-1 59-17-0 0.65 0.51 

 AG+GG 12 13 17 0.49 (0.9: 0.3-2.1) 0.6 (1.3: 0.5-3.0) 

 A 122 144 135 0.86 (1.0: 0.45 – 2.2) 0.67 (0.7: 0.3-1.7) 

 G 12 14 17   

rs13215304 AA-AG-GG 66-2-0 78-3-0 72-5-0 0.93 0.31 

 AG+GG 2 3 5 0.58 (1.2: 0.2 – 7.8) 0.27 (2.2: 0.4-12.2) 

 A 134 159 149 0.58 (0.7: 0.13 – 4.8) 0.27 (0.44: 0.08-2.3) 

 G 2 3 5   

rs12660731 CC-CT-TT 69-1-0 84-0-0 81-0-0 0.34 0.21 

 CT+TT 1 0 0 0.45 (---) 0.46 (---) 

 C 139 168 162 0.45 (---) 0.46 (---) 

 T 1 0 0   
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group. The OPG gene showed clear association between specific genotypes and the 

increased risk of developing chronic arthralgia associated with articular TMD 

(p = 0.04), in heterozygosis in the rs11573875 region. 

It is noted that 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 included in the study since the evaluated 

genes have no description, until now, in the Brazilian population. 

Considering that the alterations in the aforementioned genes may be related 

primarily to the presence of chronic joint pain and not to the diagnosis of articular 

TMD in individuals with this comorbidity, the haplotype analysis was also performed 

comparing the groups that had joint pain and an absence of TMD with the 

asymptomatic controls. These results were adjusted for age (Table 4). Thirty-two (32) 

haplotype possibilities were analyzed, but only comparisons with a frequency greater 

than 0.01 were considered significant. 

The OPG gene presented a tendency of association of the CGCCAA 

haplotype (p = 0.06) with increased risk of developing chronic joint pain, even in the 

absence of TMD. 

While in relation to the RANK gene, the AGTGC haplotype was associated (p 

= 0.03) with protection from the development of chronic joint pain in individuals 

without TMD. 
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Table 4 - Analysis of haplotypes 

Gene Haplotype Frequency p-value (ADJUSTED FOR AGE) 

 
Control 

N=72 

 

Articular 

TMD and 

with 

arthralgia 

N=85 

No TMD 

and with 

arthralgia 

N=82 

Control x 

Articular 

TMD 

Control x No 

TMD and with 

arthralgia 

OPG – Ch8 

(rs11573919; rs11573875; 

rs11573854; rs11573838; 

rs11573817; rs11573816) 

CGCCAG 0.86 0.87 0.82 --- --- 

CGCCAA 0.06 0.06 0.14 0.73 0.06 

TGCCAA 0.02 0.009 NA --- --- 

CACCAA 0.007 0.01 0 0.24 --- 

RANK – Ch6 

(rs474369; rs9498322; rs504762; 

rs6920383; rs237033) 

AATAC 0.41 0.50 0.52 --- --- 

AGTGC 0.24 0.16 0.15 0.33 0.03 

AATAT 0.15 0.12 0.10 0.96 0.19 

AACAC 0.08 0.05 0.06 0.38 0.43 

TATAC 0.02 0.02 0.04 0.68 0.64 

RANKL – Ch6 

(rs492956; rs13215304; 

rs12660731) 

AAC 0.89 0.08 0.85 --- --- 

GAC 0.08 0.06 0.10 0.96 0.39 

AGC 0.008 0.01 0.02 0.54 0.2 
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DISCUSSION  

Temporomandibular OA is a multifactoral chronic disease characterized by 

the presence of synovitis, degradation of articular cartilage, subchondral bone 

remodeling, and chronic joint pain. It is believed that there is a possibility of OA 

development in various joints simultaneously, including the temporomandibular one, 

through the action of potent pro-inflammatory mediators and the cellular 

differentiation processes, including IL-1β, TNF-α, OPG, RANK, and RANKL (26). 

Recent studies show that changes in the presence of RANK, RANKL, and OPG are 

associated with the risk of developing changes in the TMJ (11). However, analysis of 

the specific loci coding the production of the mediators that 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 TMJ OA has the potential to be a more accurate 

approach for early identification of the cellular mechanisms involved in the 

development of this disease, even when the evaluated patients have not yet 

developed phenotypic characteristics of the disease. This unprecedented study 

offers preliminary evidence that polymorphisms in the OPG and RANK genes are 

associated with the risk of developing chronic joint pain, most significantly in the 

presence of articular TMD. 

The manifestation of OA influenced by alterations in the OPG / RANK / 

RANKL genes may be determined by the expression 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 (27). The 

expression of OPG and RANKL is modulated by numerous osteotropic agents, 

including estrogen, TNF-α and TGF-β. The regulation of RANK expression is 

restricted to cells of the immune system (27). Thus, the principal manifestations 



67 
 

 

include postmenopausal osteoporosis, bone metastases (associated with the 

prostate or breast cancer), autoimmune diseases (insulin-dependent diabetes, 

systemic lupus erythematosus), chronic inflammatory diseases (rheumatoid arthritis, 

periodontal disease), and chronic viral infections (hepatitis C, HIV) (28). The 

expression of these genes in patients with articular TMD has not been performed to 

date. 

The human OPG gene is located on the 8q23-24 chromosome. Its protein is 

composed of 401 amino acid residues, often secreted as dimers. OPG is the protein 

highly expressed in bone tissue of the human body, produced mainly by marrow 

stromal cells and osteoblasts (29). Considering the close relationship between the 

maintenance of subchondral bone structure and the integrity of the cartilage matrix, 

alterations in this gene have the potential to act over these two routes. First, a 

decreased production of OPG reduces its binding to the RANKL, resulting in a low 

inhibition of osteoclastogenesis and a decrease in the osteoclast apoptosis (7). The 

second route is related to the 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 (30-31). 

One of the most studied regions of the OPG gene encompasses the 

rs3102735 promoter region (A163G), where the presence of the polymorphic G 

allele was associated with lower bone mineral density in women after menopause, 

as compared with women homozygous for the allele (32). The homozygous 

genotype of the G1181C polymorphism (rs2073618) was also associated with 

increased risk of osteoporosis in women (33-34). 
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In our study, the OPG gene showed clear association between a specific 

genotype, the heterozygosis in the rs11573875 region, with the increased risk of 

comorbid development of multiple chronic arthralgia and articular TMD. Similarly, 

when analyzed as haplotypes, there was a decrease in significance, but 

maintenance of the tendency of association of the CGCCAA haplotype with the 

increased risk of developing chronic joint pain, even in the absence of TMD. Given 

these observations, in patients with rheumatic disorders such as rheumatoid arthritis 

and OA, higher expression of OPG can be observed in synovial joint fluid, and we 

believe that alterations in the expression of this gene may act in a predisposing 

manner towards the generalized development of OA (30-31). In the present study, 

the joints most affected by reported chronic pain were the synovial, including knee, 

hip, and shoulder (30-31), afflicted with a similar prevalence between the two 

groups. 

RANK is a transmembrane protein that acts as a RANKL receptor. It activates 

the osteoclastogenesis transduction signals after its binding to RANKL or to anti-

RANK agonist antibodies (32). The interaction of RANK with RANKL induces the 

activation of a cascade of signaling molecules and the subsequent activation of 

transcription factors. These factors induce the expression of genes associated with 

the differentiation and function of osteoclasts (35). Osteoclasts derive from 

hematopoietic cells of the monocyte-macrophage lineage. RANK is expressed on the 

surface of various cell types, including hematopoietic osteoclast progenitors and 

mature osteoclasts (36). 

The RANK gene is found on chromosome 18q22. Alterations in its structure 

were described in individuals with skeletal disorders such as Paget's disease. 

Polymorphisms in the RANK gene [Ala192Val (575 C>T)] were associated with low 
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bone mineral density of the calcaneus in Korean postmenopausal women (37). 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 (32). 

This discrepancy suggests that there is an ethnic difference or differential 

association of the polymorphism with the bone mineral density of different structures 

(32), suggesting that the gene should be studied in different pathologies and 

populations. In our study, we observed that the AGTGC haplotype was strongly 

associated (p = 0.03) with protection against the development of chronic joint pain in 

individuals without TMD. These findings suggest that the presence of 

polymorphisms in the OPG and RANK genes are determinant for the development 

of chronic arthralgia in various joints of the body, including the temporomandibular 

one. 

RANKL is a cell membrane 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 (38). Besides its importance in osteoclastogenesis, RANKL participates 

in immune regulation, mediating the differentiation of T and B lymphocytes (39). 

Thus, it can trigger osteoclast activation, contributing to bone degeneration 

influenced 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 chondrocyte physiology is not completely known. 

However, it is known that inhibition of RANKL activity by OPG can prevent cartilage 

destruction, an irreversible critical step in the pathogenesis of osteoarthritis (40). 
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SNPs in the RANKL (rs7984870) gene, and that affect the binding of transcription 

factors, have recently been associated with susceptibility to various autoimmune 

diseases, including rheumatoid arthritis (41). 

In our study, there were no significant associations involving the RANKL 

gene. Thus, we suggest that alterations in the OPG and RANK genes are primarily 

responsible for altering the function and expression of the RANKL ligand, 

predisposing to the development of chronic arthralgia and comorbid TMD. 

It should also be considered that the polymorphisms studied in this work are 

located in intronic regions and do not cause amino acid change, suggesting that the 

polymorphisms found can serve as a marker of the disease, and not as a direct 

contributor to the genetic functions (36). The effects of other genetic variations 

associated to these polymorphisms may have functional significance. Thus, the 

analysis of specific miRNA and also the level of gene expression and tissue proteins 

may help elucidate the pathophysiological mechanism involving OA of the TMJs. In 

our 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. 

 

CONCLUSION 

Haplotypes in the OPG and RANK genes are associated with the risk of 

developing chronic arthralgia, even in the absence of TMD. 
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ABSTRACT 

The high prevalence of painful temporomandibular disorders in women, 

suggests that estrogen and its receptors play a fundamental etiologic role in the 

development of this joint pathology, involving complex action mechanisms. Aim: The 

aim of this study was to evaluate the possible association between polymorphisms in 

the ESR1 and ESRRB genes and the risk of simultaneous development of TMD and 

pain in other joints in the body. Materials and method: All subjects were clinically 

evaluated for the presence of temporomandibular disorders (RDC / 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 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 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. 
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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 joint 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) nuclear receptors), 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 
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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 N-

methyl-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 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 pro-nociceptive effect (17) and is considered an 

inflammatory mediator, released from platelets and mast cells after tissue injury, and 
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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 estrogen 

receptor-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 estrogen 

receptors, 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 
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associated 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 attended at the Fluminense Federal University 

(who were companions or patients seeking hospital care), 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 

recruited 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 three 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 
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(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.). 

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). 
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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). 

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 National Institute of Traumatology and 

Orthopedics, 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 between groups, the chi-square 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. 
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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 1). 

 

 

Table 1 - Clinical parameters of the study population 

http://anthro.unige.ch/arlequin
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Variables 

 

Control 

(n=72) 

 

Muscle 

(n=42) 

 

Joint 

(n=16) 

No TMD and 

with arthralgia 

(n= 82) 

Control x 

Muscle 

Control x 

Joint 

Control x No TMD 

and with arthralgia 

p-value (OR (CI)) 

Age (years)  42.2 ± 13.9 37.7 ± 17.1 33.6 ± 14.6 41.3 ± 12.4 0.32 0.52 0.27 

Sex           

     Female 39 27 9 52 

0.38 (1.5 (0.6-3.3) 0.88 (1.0 (0.3-3.2) 0.31 (1.4 (0.7-2.7) 

     Male 33 15 7 30 

 

Number of joints with 

pain in addition to 

TMJ 

0 3.1 ± 1.6 2.3 ± 1.2 2.1 ±1.4 --- --- ---- 

 

Mean pain duration 

(in years) 

0 3.7 ± 0.3 2.5 ± 0.8 2.2 ± 1.3 --- --- --- 

 OR: odds ratio; CI: confidence interval 

 

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 2. The frequencies of the 

genotypes and alleles were adjusted for age, and are provided in Table 3. 

Significant association 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 
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(p = 0.02). These results are confirmed by the increased risk of developing articular 

TMD associated with the C allele (p = 0.04) (Table 3). 

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. 

 

Table 2 - Characteristics of the polymorphisms studied in the ESR1 and ESRRB 

genes 

Gene 

symbol 

 

Gene name 

SNP 
Chromos

ome 

Base pair 

position* 
SNP type 

Base 

changea 

MAFb 

Major Minor  

ESR1 

Estrogen 

receptor 1 

(alpha) 

rs12154178 

 

6 

151929945 Intragenic A C 0.47 

rs1884051 151962144 Intragenic A G 0.49 

rs2273206 152061176 Intragenic G T 0.27 

rs7774230 151843104 Intragenic C T 0.44 

ESRRB 

Estrogen 

related 

receptor 

beta 

rs1676303 

14 

76525821 Intragenic C T 0.21 

rs4903399 76308859 Intergenic C T 0.16 

rs10132091 76404475 Intragenic C T 0.47 

rs7151924 76311726 Intergenic C T 0.29 

 

SNP, single nucleotide polymorphism. / a Base change according to Applied 

Biosystems. / b MAF: minor allele frequency according to GenBank. 
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Table 3 - Distribution of genotypes and alleles of the ESR1 and ESRRB genes, 

adjusted for age 

 

 

SNP Genotypes 

Control 

N=72 

 

Muscle 

N=42 

 

Joint 

N=16 

 

No TMD 

and with 

arthralgia 

N= 82 

 

p-value* (CI) (Adjusted for age) 

Gene 

Control x 

Muscle 

Control x 

Joint 

Control x No 

TMD and with 

arthralgia 

ESR1 

rs12154178 AA-AC-CC 20-46-4 11-26-5 6-7-3 20-52-7 0. 5 0.09 0.72 

 AC+CC 50 31 10 59 1 (1.1 (0.4-2.6) 0.33 (0.6 (0.2-2.0) 0.7 (1.1 (0.5-2.4) 

 A 86 48 19 92 

0.62 (0.8 (0.4-1.45) 1 (0.9 (0.4-2.0) 0.6 (0.8 (0.5-1.3) 

 C 54 36 13 66 

rs1884051 AA-AG-GG 17-41-7 12-24-3 6-6-4 22-44-11 0.85 0.26 0.73 

 AG+GG 48 27 10 55 0.77 (0.7 (0.3-1.9) 
0.27 (0.59 (0.18-

1.87) 
0.8 (0.8 (0.4-1.8) 

 A 75 48 18 88 

0.68 (1.1 (0.6-2.0) 1 (0.9 (0.4-2.0) 1 (0.9 (0.9-1.5) 

 G 55 30 14 66 

rs2273206 GG-GT-TT 51-17-0 29-8-2 12-4-0 49-23-10 0.04 0.77 0.36 

 GT+TT 17 12 4 33 0.79 (1.2 (0.5-2.9) 0.63 (1 (0.2-3.5) 
0.07 (2.0 (0.9-

4.0) 

 G 119 68 28 121 

0.46 (0.6 (0.3-1.4) 0.59 (1 (0.3-3.2) 0.5 (0.7 (0.3-1.4) 

 T 17 14 4 23 

rs7774230 CC-CT-TT 17-40-9 6-21-12 3-7-4 14-54-7 0.35 0.3 0.36 

 CT-TT 49 33 11 61 0.3 (1.9 (0.6-5.3) 0.5 (1.2 (0.3-5.1) 
0.41 (1.5 (0.6-

3.3) 

 C 74 33 13 82 0.07 (0.5 (0.3-1.0) 0.47 (0.67 (0.2-1.5) 0.9 (0.9 (0.5-1.5) 

 T 58 45 15 68    

 rs1676303 CC-CT-TT 21-10-27 10-4-20 9-0-4 22-18-33 0.45 0.02 0.54 

  CT-TT 37 24 4 51 0.6 (1.3 (0.5-3.3) 0.06 (0.2 (0.0-0.9) 0.58 (1.3 (0.6-2.7) 
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  C 52 24 18 62 

0.2 (0.6 (0.3-1.2) 0.04 (2.7 (1.1-6.8) 0.7 (0.9 (0.5-1.4) 

  T 64 44 8 84 

 rs4903399 CC-CT-TT 44-8-2 19-6-1 11-2-0 39-16-0 0.62 0.55 0.06 

ESRRB  CT-TT 10 7 2 16 0.57 (1.62 (0.5-4.8) 0.57 (0.8 (0.1-4.1) 0.2 (1.8 (0.7-4.4) 

  C 96 44 24 94 

0.61 (0.6 (0.2-1.8) 0.4 (1.5 (0.3-7.1) 0.5 (0.7 (0.3-1.6) 

  T 12 8 2 16 

 rs10132091 CC-CT-TT 7-42-18 2-23-11 0-6-4 9-54-13 0.41 0.16 0.37 

  CT-TT 60 34 10 67 0.32 (1.9 (0.3-10.0) 0.36 (---) 1 (0.8 (0.3-2.4) 

  C 56 27 6 72 

0.65 (0.8 (0.4-1.5) 0.44 (0.5 (0.2-1.6) 0.4 (1.2 (0.7-2.0) 

  T 78 45 14 80 

          

 rs7151924 CC-CT-TT 3-22-14 0-13-5 0-7-3 4-26-17 0.15 0.41 0.99 

  CT-TT 36 18 10 43 0.31 (---) 0.49 (---) 0.6 (0.8 (0.1-4.2) 

  C 28 13 7 34 0.84 (1.0 (0.4-2.2) 0.86 (0.9 (0.3-2.6) 0.9 (1.0 (0.5-1.8) 

  T 50 23 13 60    

* p-value compared to control group / CI: Confidence interval;  

 

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 4). However, there were no significant associations between 

the genes when analyzed as haplotypes. 

 

 

Table 4 - Analysis of haplotypes 
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Gene 

Haplotype 

Frequency p-value (adjusted for age) 

 

Control 

(n=72) 

 

Muscle 

(n=42) 

 

Joint 

(n=16) 

No TMD 

and with 

arthralgia 

N= 82 

 

Control x 

Muscle 

Control x 

Joint 

Control x No TMD 

and with arthralgia 

 

ESR1 – Ch6 

(rs12154178; 

rs1884051; 

rs2273206; 

rs7774230) 

AAGC 0.17 0.19 0.13 0.28 NA 0.45 --- 

AAGT 0.29 0.13 0.33 0.16 0.97 NA 0.38 

CGGC 0.19 0.068 0.26 0.11 0.98 0.83 0.5 

AGGT NA 0.06 NA 0.04 0.23 NA 1 

CGGT 0.05 0.19 0.04 0.11 0.63 0.33 0.97 

AATT 0.02 0.10 NA 0 0.52 NA 0.78 

CAGC 0.05 0.07 NA 0.06 0.62 NA 0.64 

AGGC NA NA 0.02 0.03 NA 0.73 0.06 

 

ESRRB – Ch14 

(rs1676303; 

rs4903399; 

rs10132091; 

rs7151924) 

TCTT 0.17 0.26 0.16 0.08 0.05 1 0.8 

CCCT 0.08 0.03 0.04 0.15 0.8 --- 1 

TCTC 0.05 0.08 0.001 0.16 0.11 --- 0.57 
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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 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 estrogen receptors 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. 
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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 ER 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 estrogen receptors 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 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-O-methyltransferase) 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 
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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 
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developing joint disease (44-45). 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. 

Although there are different concentrations and estrogen receptor 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. 

 

CONCLUSION 

Polymorphisms in the ESR1 gene are related to 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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ABSTRACT 

The pain from temporomandibular disorder (TMD) is often associated on physical symptoms 

of other chronic pain disorders and comorbidities, such as generalized muscle and joint pain. 

However, this association is not widely studied. Objective: To assess the association 

between the presence of TMD-related muscle and joint sites with the comorbid occurrence 

of pain in other joints. Materials and method: We evaluated 337 patients from a public 

institution in the city of Rio de Janeiro, Brazil. The Research Diagnostic Criteria for TMD 

questionnaire was 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. Results: Individuals 

with TMD are 5.5 times more likely to develop other joint pain compared with those without 

the disorder; a growth of accounts was observed as the number of joints affected in 

individuals with TMD increased, of which muscle disorders were mostly associated with a 

higher number of joint pain; a significant association between the presence of other 

systemic arthralgia, muscle (p <0.001 ) and joint disorders (p = < 0.001) and age of patients 

with TMD showed to be a predictive factor for the development of other joint pain. 

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. 

 

Key-words: Temporomandibular Joint Disorders; Facial Pain ; Arthralgia; Myalgia; Central 

Nervous System Sensitization; Comorbidity. 
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1. INTRODUCTION 

Temporomandibular disorders (TMD) are characterized by painful and/or 

dysfunctional changes involving the masticatory muscles and temporomandibular joints 

(TMJ) (Badel et al., 2013) and, collectively, they are considered the most common cause of 

chronic pain in the orofacial region. According to the National Institute of Dental and 

Craniofacial Research (NIDCR), 5% to 12% of the US population suffer or have suffered from 

problems related to TMD (VARGAS, MACEK and MARCUS, 2000). 

The pain from temporomandibular disorder (TMD) is often associated on 

physical symptoms of other chronic pain disorders and comorbidities, such as generalized 

muscle and joint pain  and changes in the pattern and quality of sleep (LORDUY et al., 2013). 

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 

(LORDUY et al., 2013). Currently, it is believed that multiple and persistent pain complaints 

can be associated with changes in the peripheral and central nervous system (MORELL et al., 

2014). Genetic factors (such as COMT genes - catechol-O-methyltransferase - and ADRB2 – 

beta-2 adrenoceptor) may be responsible for hypersensitivity to experimental pain in at 

least 50% of the cases studied. These same factors may make individuals more susceptible to 

developing chronic pain throughout life (CLAUWN et al., 2015). However, other predisposing 

systemic 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 particular 

development (SMITH et al., 2013). Joint pathologies may be related to systemic 

manifestation of autoimmune diseases (CEDSTROMER et al., 2014), hormonal changes 
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(KANG et al., 2007) or tissue metabolism (SIPILÄ et al., 2011). The presence of such 

conditions might justify the development of painful and/or degenerative changes in different 

joints and simultaneously (KANG et al., 2007). 

Thus, the aim of this study was to assess the association related to the 

presence of TMD, muscle and joint, the occurrence of comorbid pain in other joints, 

specifically in the joints of the knees, hips, ankles, shoulders, wrists and elbows. 

 

2. MATERIALS AND METHOD 

This is a descriptive, cross-sectional, randomized study, approved on May 30, 2013, 

by the Research Ethics Committee of the University Salty Olive-Universe, 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 Epidemiology (STROBE) were followed for the study's design and 

development (Von et al., 2007). 

We selected three hundred and thirty seven individuals, who was caregivers or 

patients seeking hospital care in Federal Fluminense University, with ages between 18 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. The exclusion criteria 

were as follows: diagnosis of rheumatoid arthritis, systemic erythematosus lupus, 

fibromyalgia, other systemic joint diseases and/or previous 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 (26), the tool 
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validated for the physical diagnosis of TMD, and that allows classification of participants into 

some of the following diagnostic subgroups: (a) no TMD; (b) painful muscle disorders; (c) 

joint disc position changes; and (d) 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 RDC/TMD was administered in all patients 

by a single trained examiner (author L.L.B). 

It is noteworthy that the joint diagnoses (sub-groups 2 and 3) were grouped to form 

a single group called ‘joint disorders’. Thus, three groups were formed: (a) control (absence 

of TMD diagnosis); (b) muscle disorders; and (c) joint disorders. 

Step 2 - Evaluation of the presence and duration of other arthralgias: 

During this stage, each participant answered a questionnaire, considering: the 

presence of pain in the knee, hip, ankle, shoulder, wrist and elbow joints; duration of this 

pain (days, months or years). 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. 

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 National Institute of Traumatology and Orthopedics, 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. To evaluate the significance of nominal variables between groups, 

the chi-square test was used.  
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3. RESULTS 

A total of 337 individuals, 231 women (68.5%) and 106 men (31.5%), with a 

mean age of 50.3 ± 11.3 years, participated in the study, of which 165 (48.9%) were 

diagnosed with TMD and 172 (51.1%) were controls (without TMD). 

Among the individuals diagnosed with TMD, 90.9% (n = 150) (124 women and 

26 men) presented other arthralgias, while 64.5% (n = 111) of participants (67 women and 

50 men) in the control group presented other arthralgias. The chi-square test showed a 

highly significant relationship between TMD and other joint pain (p = <0.0001). TMD patients 

were 5.5 times more likely to present other arthralgias than the controls (Table 1). 

 

Table 1 – Assessment of the association between the presence of TMD and other arthralgias. 

Parameters Total 

(n=337) 

Without other arthralgias 

(n= 76) 

With other arthralgias 

 (n= 261) 

TMD    

Absent  172 (51.1%) 61 (18.1%) 111 (32.9%) 

Present  165 (48.9%) 15 (4.5%) 150 (44.5%) 

P value = < 0.0001; Odds Ratio = 5.49; 95% CI = 2.96-10.17 

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. We found that the number of individuals increased in the TMD group as the 

number of affected painful joints increased, contrary to what occurred in the control group 

(Graph 1).  
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Graphic 1 – Number of other painful joints besides TMJ. 

 

 

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 18 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 (Graph 2).  

Graphic 2 – Prevalence of reported joint pain according to age. 
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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%) presented 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 disorders), 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 diagnoses 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 other arthralgias and diagnosis of articular TMD (p <0.001). We found no 

statistical differences between the muscle and joint groups (p = 0.24). 
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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 2 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. 

Table 2 – Prevalence of pain in different joints other than the TMJ according to the RDC/TMD 

diagnostic groups. 

SITE 

Without TMD  

(n=111) 

 

With muscle diagnoses 

(n=48) 

TMJ diagnoses 

 (n=22) 

 

Multiple diagnoses  

(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 TDM, regardless if it is muscular or articular, 
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individuals become more susceptible to experience pain in other joints in the body 

(p<0.001). 

4. 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 (VELLY 

et al., 2011), which may involve, in addition to the orofacial region, other areas of the body 

causing neck pain, back pain, besides temporomandibular joint pain (CIANCAGLINI, 2001). 

The realization that chronic pain is "a disease in itself," explains the analysis of how other 

painful conditions relate to the distribution of TMD symptoms (SLADE et al., 2014). 

Therefore, the aim of this study was to assess the frequency of comorbid involvement and 

other painful joint conditions. The results showed that individuals with TMD are 5.5 times 

more likely to present other joint pain than asymptomatic controls. 

TMD, as well as other chronic pain syndromes, are painful states that are 

capable of sensitizing the central nervous system, causing hyperalgesia and diffuse allodynia 

(CLAUWN et al, 2014; YUNUS et al, 2015). Additionally, characteristics such as gender 

(women), genetic susceptibility, personal or family history of chronic pain and history of 

other centrally-mediated symptoms (such as insomnia, fatigue, memory and mood 

disorders) are more frequent in individuals with chronic pain. The presence of these 

characteristics have a predictive value in identifying individuals with a higher probability of 

transition from acute to chronic pain (CLAUWN et al., 2015). 

A prospective longitudinal study followed a cohort of 2.737 adults for three 

years, with ages from 18 to 44 years with no history of TMD in an attempt to determine the 

risk factors for the development of TMD. Approximately 20% of the volunteers, mostly 

women, developed symptoms related to this disorder. After analyzing the individual medical 
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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 nonspecific 

conditions such as depression and sleep apnea (SLADE et al., 2014). 

 Similarly, in another study assessing the comorbid prevalence of TMD and 

other pain complaints, of the 189.977 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 (PLESH et al., 2011). In our study, we observed that the 

comorbid presence of other arthralgias was present in 90.9% of TMD patients, 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 number of painful joints affected by TMJ increased, contrary to what occurred in the 

control group. 

The presence of generalized pain showed to be associated with the 

concomitant presence of local masticatory muscle pain (DAHAN et al., 2015), as well as the 

increase in intensity, duration and related disability (VELLY, 2011). In the present study, 

individuals with muscular diagnosis, as well as those with dual diagnoses, presented more 

pain complaints and reports of longer pain duration than those diagnosed with exclusive 

articular diagnosis, corroborating the hypothesis of the strong influence of central 

sensitization phenomena in subjects with muscular TMD (LORDUY et al., 2013) on the 

development of other chronic pain such as those present in other body joints. 

The high prevalence of knee pain in the groups studied, both with muscular 

(57.6%) and articular (56%) diagnosis, was also the subject of a previous study. The role of 

central sensitization in the development and perpetuation of pain was assessed in patients 
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with knee osteoarthritis. Through algometry pressure the pain thresholds were much lower 

than those present in controls without the disease (ARENDT-NIELSEN et al., 2010). 

However, it should be noted that this study has limitations. As this is a cross-

sectional design, it was not possible to assess which of the arthralgias presented by the 

participants had a primary source, making it impossible to determine the cause and effect 

relationship. 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 complaints is evident. However, further studies need to investigate the mechanism 

underlying this pattern of comorbidity. Recognizing these mechanisms may facilitate the 

development of more comprehensive treatment 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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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


120 
 

 

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 

http://www.scielo.br/scielo.php?pid=S0103-64402016000200128&script=sci_arttext#B12
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measuring the height of periimplant bone and comparing it with the initial radiography 

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


125 
 

 

 

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. 
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  5 -  CONCLUSÃO 

 

 

Existe associação clínica e genética entre a presença de dores articulares 

sistêmicas crônicas e desordens temporomandibulares. 

Indivíduos com DTM tem chance elevada de desenvolverem outras artralgias 

quando comparados com controles assintomáticos, acometendo principalmente 

mulheres, e sendo a dor no joelho a mais prevalente.  

Polimorfismos no gene COMT possuem relação com a presença de DTM de 

origem muscular associada a atralgias crônicas. Neste mesmo grupo de indivíduos, 

alterações nos genes ADRB2 estão associados à proteção ao desenvolvimento de 

DTM muscular. 

Haplótipos nos genes OPG e RANK encontram-se associados ao risco de 

desenvolvimento de artralgias crônicas, mesmo na ausência de DTM. 

Polimorfismo no gene ESR1 possuem relação com a presença de DTM de 

origem muscular associada às atralgias crônicas. Neste mesmo grupo de indivíduos, 

alterações no gene ESRRB mostram-se associadas à presença de DTM articular. 
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ANEXO A 
 

Research diagnostic criteria for temporomandibular disorders – Eixo I 
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ANEXO B 
 
 

Ficha para avaliação sobre a presença de dores articulares sistêmicas 
 

Nº do Questionário : ________                                                       Data: ____ /_____ /_______ 

Pesquisa: “Desordem Temporomandibular e a influência do polimorfismo genético” Aprovação 

CEP:____________________________________ 

 

Dados do Paciente 

1. Nº Prontuário: ____________      2. Banco DNA: _____________ 3. Iniciais ___________ 

4. Nascimento  _____/_____/_______ 5. Sexo  (  ) 1.Fem  (  ) 2.Masc  

6. Etnia: ____________________________________________________________________ 

 

7. Sofreu traumatismo craniofacial? 

(   ) 1.Sim   (   )  2.Não  

8. Apresenta dor articular? 

(   ) 1.Sim   (   )  2.Não  

Em caso de resposta afirmativa:  

8.1.1 Local 8.1.2 Frequência 8.1.3 Há quanto tempo? 8.1.4. Qual lado? 

(    )  1. Joelho (  ) 1.Todos os dias 

(  ) 2. A cada 2 ou 3 dias 

(  ) 3. Todo mês 

(  ) 4. Outras  

_____ anos  

_____ meses   

_____ dias 

(   ) 1.Direito   

(   ) 2.Esquerdo  

(   ) 3.NA 

(    )  2. Quadril (  ) 1.Todos os dias 

(  ) 2. A cada 2 ou 3 dias 

(  ) 3. Todo mês 

(  ) 4. Outras  

_____ anos  

_____ meses   

_____ dias 

(   ) 1.Direito   

(   ) 2.Esquerdo  

(   ) 3.NA 

(    )  3. Tornozelo (  ) 1.Todos os dias 

(  ) 2. A cada 2 ou 3 dias 

(  ) 3. Todo mês 

(  ) 4. Outras  

_____ anos  

_____ meses   

_____ dias 

(   ) 1.Direito   

(   ) 2.Esquerdo  

(   ) 3.NA 

(    )  4. Ombro (  ) 1.Todos os dias 

(  ) 2. A cada 2 ou 3 dias 

(  ) 3. Todo mês 

(  ) 4. Outras  

_____ anos  

_____ meses   

_____ dias 

(   ) 1.Direito   

(   ) 2.Esquerdo  

(   ) 3.NA 

(    )  5. Punho (  ) 1.Todos os dias 

(  ) 2. A cada 2 ou 3 dias 

(  ) 3. Todo mês 

(  ) 4. Outras  

_____ anos  

_____ meses   

_____ dias 

(   ) 1.Direito   

(   ) 2.Esquerdo  

(   ) 3.NA 

(    )  6. Cotovelo (  ) 1.Todos os dias 

(  ) 2. A cada 2 ou 3 dias 

(  ) 3. Todo mês 

(  ) 4. Outras  

_____ anos  

_____ meses   

_____ dias 

(   ) 1.Direito   

(   ) 2.Esquerdo  

(   ) 3.NA 
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(    )  7. Outros. Quais? 

_________ 

_______________ 

_______________ 

(  ) 1.Todos os dias 

(  ) 2. A cada 2 ou 3 dias 

(  ) 3. Todo mês 

(  ) 4. Outras  

_____ anos  

_____ meses   

_____ dias 

(   ) 1.Direito   

(   ) 2.Esquerdo  

(   ) 3.NA 

 

9. Diagnóstico prévio: 

(   ) 1.Sim   (    ) 2.Sem diagnóstico prévio 

 

Em caso de resposta afirmativa:  

9.1.1. Tipo do diagnóstico 9.1.2. Local 

(    )  1. Tendinite  

(    )  2. Artrose  

(    )  3. Artrite  

(    )  4. Febre Reumática  

(    )  5. Outros. Quais?  

 

10. Cirurgia articular prévia: 

(   ) 1.Sim   (   )  2.Não  

 

Em caso de resposta afirmativa:  

10.1.1 Onde? (   ) 1.Joelho    (   ) 2.Quadril     (   ) 3.Tornozelo    (   ) 4.Ombro    (   ) 5.Punho  

                     (   ) 6.Cotovelo (   ) 7.Outros locais. Quais?_______________________________  

10.1.2 Motivo:_________________________________________________________________ 

 

11- Observações: ____________________________________________________________ 

____________________________________________________________________________ 

____________________________________________________________________________ 

____________________________________________________________________________ 

____________________________________________________________________________ 

 

12. GRUPO: (   )  A.Controle (    ) B.Teste  
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ANEXO C 
 

Normas de formatação do periódico “Journal of orofacial pain”  
(ISSN: 1064-6655) 
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ANEXO D 
 

Normas de formatação do periódico “Journal of Oral Rehabilitation”  
(ISSN: 0305-182X) 

 
 
 
Author Guidelines 
 
 
Relevant Documents: Colour Work Agreement Form 
 
Useful Websites: Submission Site, Author Services, Blackwell Publishing’s Ethical 
Guidelines, Guidelines for Figures 
 
SCOPE 
Journal of Oral Rehabilitation  is an international journal for those active in research, 
teaching and practice in oral rehabilitation and strives to reflect the best of evidence-
based clinical dentistry. The content of the journal also reflects documentation of the 
possible side-effects of rehabilitation, and includes prognostic perspectives of the 
treatment modalities. 
 
Journal of Oral Rehabilitation aims to be the most prestigious journal of dental 
research within all aspects of oral rehabilitation and applied oral physiology.   It 
covers all diagnostic and clinical management aspects necessary to re-establish a 
subjective and objective harmonious oral function.  
 
The focus for the journal is to present original research findings; to generate critical 
reviews and relevant case stories, and to stimulate commentaries and professional 
debates in Letters to the Editor.   We will invite relevant commercial interests to 
engage in the journal in order to make it the international forum for debate between 
dental clinical dental clinical sciences and industry, which share a common goal: to 
improve the quality of oral rehabilitation. 
 
We would particularly like to encourage the reporting of randomised controlled trials. 
 
We will support our authors by posting the accepted version of articles by NIH grant-
holders to PubMed Central upon acceptance by the journal. Authors must ensure 
that manuscripts are clearly indicated as NIH-funded using the guidelines below. 
 
Keywords: dental disease, dental health, dental materials, gerodontology, oral health, 
oral medicine, oral physiology, oral prostheses, oral rehabilitation, restorative 
dentistry, TMD. 
 
POLICIES 
Authorship 
Authors submitting a paper do so on the understanding that the manuscript have 
been read and approved by all authors and that all authors agree to the submission 
of the manuscript to the Journal. 
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Journal of Oral Rehabilitation adheres to the definition of authorship set up by The 
International Committee of Medical Journal Editors (ICMJE). According to the ICMJE 
authorship criteria should be based on 1) substantial contributions to conception and 
design of, or acquisition of data or analysis and interpretation of data, 2) drafting the 
article or revising it critically for important intellectual content and 3) final approval of 
the version to be published. Authors should meet conditions 1, 2 and 3. 
 
Approvals 
Experimentation involving human subjects will only be published if such research has 
been conducted in full accordance with ethical principles, including the World Medical 
Association Declaration of Helsinki (version, 2002 www.wma.net/e/policy/b3.htm) and 
the additional requirements, if any, of the country where the research has been 
carried out. Manuscripts must be accompanied by a statement that the experiments 
were undertaken with the understanding and written consent of each subject and 
according to the above mentioned principles. A statement regarding the fact that the 
study has been independently reviewed and approved by an ethical board should 
also be included. Editors reserve the right to reject papers if there are doubts as to 
whether appropriate procedures have been used. 
 
When experimental animals are used the methods section must clearly indicate that 
adequate measures were taken to minimize pain or discomfort. Experiments should 
be carried out in accordance with the Guidelines laid down by the National Institute of 
Health (NIH) in the USA regarding the care and use of animals for experimental 
procedures or with the European Communities Council Directive of 24 November 
1986 (86/609/EEC) and in accordance with local laws and regulations. 
 
All studies using human or animal subjects should include an explicit statement in the 
Material and Methods section identifying the review and ethics committee approval 
for each study, if applicable. Editors reserve the right to reject papers if there is doubt 
as to whether appropriate procedures have been used. 
 
Consent for publication 
If individuals might be identified from a publication (e.g. from images or description) 
authors must obtain explicit informed consent from the individual. Please do not 
confuse this with consent for the procedure (above). Consent for publication is 
required for studies involving human subjects ‒ ALL case reports, letters that 
describe cases and some original articles. Cohort studies are exempt; instead 
evidence of IRB approval (name of IRB, date of approval and approval 
code/reference number) must be provided. 
 
Conflict of Interest and Source of Funding 
Journal of Oral Rehabilitation requires that all authors (both the corresponding author 
and co-authors) disclose any potential sources of conflict of interest. Any interest or 
relationship, financial or otherwise that might be perceived as influencing an author’s 
objectivity is considered a potential source of conflict of interest. These must be 
disclosed when directly relevant or indirectly related to the work that the authors 
describe in their manuscript. Potential sources of conflict of interest include but are 
not limited to patent or stock ownership, membership of a company board of 
directors, membership of an advisory board or committee for a company, and 
consultancy for or receipt of speaker's fees from a company. If authors are unsure 
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whether a past or present affiliation or relationship should be disclosed in the 
manuscript, please contact the editorial office at jooredoffice@wiley.com. The 
existence of a conflict of interest does not preclude publication in this journal. 
 
The above policies are in accordance with the Uniform Requirements for Manuscripts 
Submitted to Biomedical Journals produced by the International Committee of 
Medical Journal Editors (http://www.icmje.org/). It is the responsibility of the 
corresponding author to have all authors of a manuscript fill out a conflict of interest 
disclosure form, and to upload all forms together with the manuscript on submission. 
The disclosure statement should be included under Acknowledgements. Please find 
the form below: 
 
Conflict of Interest Disclosure Form 
 
 
Peer review 
All papers published in Journal of Oral Rehabilitation are subject to peer review. 
Papers that are outside the scope of the journal, that do not comply with the 
guidelines below or are otherwise judged to be unsuitable by the editor will be 
rejected without review. 
 
Appropriate papers are sent to at least two independent referees for evaluation.  
Authors are encouraged to suggest reviewers of international standing. Referees 
advise on the originality and scientific merit of the paper; the Editor in Chief and 
editorial board, decide on publication. The Editor-in-Chief’s decision is final. 
 
Appeals 
The decision on a paper is final and cannot be appealed. 
 
PRE-SUBMISSION ADVICE AND PREPARATION 
Before submitting your manuscript, ensure that you refer to the requirements below, 
which explain the file types, structure and supporting information required for a 
successful submission. 
SUBMISSIONS THAT DO NOT CONFORM TO OUR REQUIREMENTS WILL BE 
UNSUBMITTED. THE EDITOR MAY REJECT YOUR SUBMISSION IF THESE 
GUIDELINES ARE NOT MET. 
 
Writing should be clear and simple, avoiding excessive use of the passive, and 
written in good clear 'international' English. 
Particularly if English is not your first language, before submitting your manuscript 
you may wish to have it edited for language. This is not a mandatory step, but may 
help to ensure that the academic content of your paper is fully understood by journal 
editors and reviewers. Language editing does not guarantee that your manuscript will 
be accepted for publication. If you would like information about one such service 
please see http://authorservices.wiley.com/bauthor/english_language.asp. The Editor 
may recommend an English Language Editing Service to an author as a condition of 
acceptance. There are other specialist language editing companies that offer similar 
services and you can also use any of these. Authors are liable for all costs 
associated with such services. 
Manuscripts and tables 
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In order to be processed by our production team, all files should be editable, 
prepared in an appropriate word processing package and saved as .doc or .rtf.  
Please note: PDF (.pdf) is not a .doc or .rtf file format and is therefore not an 
appropriate file type. Manuscripts should be double line spaced with 2.5cm margins. 
Use 10pt Helvetica font. Headings: main (section) headings [A] in bold sentence 
case; sub-headings [B] in italic sentence case; sub-sub-headings [C] in italic 
sentence case with the text continued on the same line. 
 
Figures 
For help and advice on preparing your artwork, see 
http://authorservices.wiley.com/bauthor/illustration.asp 
TIFF and EPS are preferred file formats. Figures should be prepared in an 
appropriate graphic package and named according to DOS conventions, e.g. 
'figure1.tif'.  PLEASE NOTE our submission system does not accept RAR files. 
Space in the print version is limited. Please consider if any of your figures (or tables) 
could appear online only. Additional figures and tables can be made available on the 
web version of the journal – please see below. 
  
Line work (vector graphics) and combined images (photographs with lines/ bars)- .ai 
(Adobe Illustrator)/ Encapsulated PostScript (.eps). There is a ‘save as’ function in 
most statistical/ spreadsheet packages such as Microsoft Excel that allows files to be 
saved in eps format. 
Lines should not be thinner than 0.25 pts and in-fill patterns and screens should have 
a density of at least 10%. Use 10pt Helvetica font for labels. The optimal resolution 
for these images is 600‒1200dpi. 
Photographs should be saved as high-resolution (300dpi) .tif files at 1.5x desired 
print size. Lower resolutions (<300 dpi) may compromise output quality. 
Supplementary data  
Supporting material that is too lengthy for inclusion in the full text of the manuscript, 
but would nevertheless benefit the reader, can be made available by the publisher as 
online-only content, linked to the online manuscript. The material should not be 
essential to understanding the conclusions of the paper, but should contain data that 
is additional or complementary and directly relevant to the article content. Such 
information might include the study protocols, more detailed methods, extended data 
sets/data analysis, or additional figures (including). 
All material to be considered as supplementary data must be uploaded as such with 
the manuscript for peer review. It cannot be altered or replaced after the paper has 
been accepted for publication. Please indicate clearly the material intended as 
Supplementary Data upon submission. Also ensure that the Supplementary Data is 
referred to in the main manuscript. Please label these supplementary figures/tables 
as S1, S2, S3, etc. Full details on how to submit supporting information, can be found 
at http://authorservices.wiley.com/bauthor/suppinfo.asp 
 
Permission to include other’s work 
Permission to reproduce material within the manuscript must be obtained in advance 
by the corresponding author. Refer to the original publisher, who is responsible for 
managing the rights of the original author. Expect this to take up to six weeks. Once 
granted, upload a copy of the approval as a supporting file. An acknowledgement to 
the source must be made in your text. 
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SUBMISSION REQUIREMENTS 
All submissions to Journal of Oral Rehabilitation should conform to the uniform 
requirements for manuscripts submitted to biomedical journals, drawn up by the 
International Committee of Medical Journal Editors (ICMJE) see 
http://www.icmje.org/. 
 
General requirements 
All submissions should include the following: 
Main document 
1.   Title and running head (short title); 
2.       Article category; 
3.       First name, middle initial (if any) and family name of all authors – no degree/ 
titles/ positions of responsibility. All those listed as authors must fulfil the ICMJE 
criteria; 
4.       Affiliations should be written after the authors list as follows: 
Department/Division/Unit name, if any; affiliation name/City (without state)/Country; 
5.       Correspondence should be written after the affiliations list as follows: write only 
the title of one corresponding author (Mr/Mrs/Ms/Dr/Prof), first name(s) written with 
initials only, and followed by the last name  –  e.g. Dr. J. E. Smith; add 
Department/Division/Unit name, if any/ affiliation name/Street address/ City/ postal 
code /Country/ Email address; 
6.       A structured abstract (summary  for review papers); 
7.       Six MeSH-compliant keywords http://www.nlm.nih.gov/mesh 
8.       Main body containing sections on background, methods, results and 
conclusions, with the appropriate heading. 
9.       Disclosure/ Acknowledgements: I ndicate at the end of the text before 
references: 1. Any necessary ethical approval(s); 2. The source of funding for the 
study; and 3. Any conflict of interest. 
10.   A reference list in Vancouver style (Ann. Intern. Med. 1997; 126: 36-47), in the 
order made in the text. Example: confirmed by other studies.23 /  23 Moher D, 
Liberati A, Tetzlaff J, Altman DG. Preferred reporting items for systematic reviews 
and meta-analyses: the PRISMA statement. BMJ 2009; 339: b2535. 
For books, names and initials of all authors, the full title, place of publication, 
publisher, year of publication and page number should be given. 
11.   Tables – if appropriate, in tabulate text. Do not embed tables. 
12.   Figure legends – if appropriate, in a list following the references/ tables. (Figures 
must be uploaded additionally as individual graphic files. Please do not embed 
figures.) 
 
Accepted article types 
Original research  –  structured abstract of no more than 250 words should include 
the following: background, objective(s), methods (include design, setting, subject and 
main outcome measures as appropriate), results and conclusion. Original articles 
that describe cases require parental/ patient consent. For cohort studies, please 
upload a copy of your IRB approval. 
Maximum words – 3000; maximum figures and tables – 6; maximum references – 30.  
 
Reviews  –  structured summary giving information on methods of selecting the 
publications cited. 
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Maximum words – 3000; maximum figures and tables – 6; maximum references – no 
limit. 
 
Case reports  –  only exceptional reports that have important education or safety 
messages will be considered. Our current rejection rate is 90%. Conclude with 3 
learning points for our readers. All case reports require parental/ patient consent for 
publication. 
Maximum words – 2000; maximum figures or tables – 1; maximum references – 5 
 
We work together with Wiley’s Open Access journal, Clinical Case Reports, to enable 
rapid publication of good quality case reports that we are unable to accept for 
publication in our journal. Authors of case reports rejected by our journal will be 
offered the option of having their case report, along with any related peer reviews, 
automatically transferred for consideration by the Clinical Case Reports editorial 
team. Authors will not need to reformat or rewrite their manuscript at this stage, and 
publication decisions will be made a short time after the transfer takes place. Clinical 
Case Reports will consider case reports from every clinical discipline and may 
include clinical images or clinical videos. Clinical Case Reports is an open access 
journal, and article publication fees apply. For more information please go to 
www.clinicalcasesjournal.com. 
 
Correspondence – Letters to the editor are encouraged, particularly if they comment, 
question or criticize original articles that have been published in the journal. Letters 
that describe cases require parental/ patient consent for publication. 
Maximum words – 1500; maximum figures and tables – 1; maximum references – 5. 
 
Guidelines on specific papers 
Randomised clinical trials (RCTs) must conform to the CONSORT statement 
http://www.consort-statement.org on the reporting of RCTs. A flow diagram of 
subjects, the trial protocol, and the registration details of the trial must be included in 
the paper along with and a numbered checklist provided as supplementary material. 
 
Diagnostic studies must conform to the STARD statement http://www.stard-
statement.org/.  A flow diagram of subjects, the trial protocol, and the registration 
details of the trial must be included in the paper along with and a checklist provided 
as supplementary material. 
 
Qualitative research – authors should refer to the EQUATOR NETWORK resource 
centre guidance on good research reporting http://www.equator-network.org,which 
has the full suite of reporting guidelines (both quantitative and qualitative). 
 
Observational studies (Epidemiology) please follow the STROBE guidelines http:// 
www.strobe-statement.org/and submit the study protocol as supplementary material. 
 
Systematic reviews/ meta-analysis of randomised trials and other evaluation studies 
must conform to PRISMA guidelines http://www.prisma-statement.org (these have 
superseded the QUOROM guidelines) and submit the study protocol as 
supplementary material. 
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ACCEPTANCE 
 
Copyright 
 
If your paper is accepted, the author identified as the formal corresponding author for 
the paper will receive an email prompting them to login into Author Services; where 
via the Wiley Author Licensing Service (WALS) they will be able to complete the 
license agreement on behalf of all authors on the paper. 
 
For authors signing the copyright transfer agreement 
 
If the OnlineOpen option is not selected the corresponding author will be presented 
with the copyright transfer agreement (CTA) to sign. The terms and conditions of the 
CTA can be previewed in the samples associated with the Copyright FAQs below: 
 
CTA Terms and Conditions http://exchanges.wiley.com/authors/faqs---copyright-
_301.html 
 
For authors choosing OnlineOpen 
 
If the OnlineOpen option is selected the corresponding author will have a choice of 
the following Creative Commons License Open Access Agreements (OAA): 
 
Creative Commons Attribution Non-Commercial License OAA 
 
Creative Commons Attribution Non-Commercial -NoDerivs License OAA 
 
To preview the terms and conditions of these open access agreements please visit 
the Copyright FAQs hosted on Wiley Author Services 
http://exchanges.wiley.com/authors/faqs---copyright-_301.html and visit 
http://www.wileyopenaccess.com/details/content/12f25db4c87/Copyright--
License.html. 
 
If you select the OnlineOpen option and your research is funded by certain funders 
[e.g. The Wellcome Trust and members of the Research Councils UK (RCUK) or the 
Austrian Science Fund (FWF)] you will be given the opportunity to publish your article 
under a CC-BY license supporting you in complying your Funder requirements . For 
more information on this policy and the Journal’s compliant self-archiving policy 
please visit: http://www.wiley.com/go/funderstatement. 
 
For RCUK, Wellcome Trust, FWF authors click on the link below to preview the terms 
and conditions of this license: 
 
Creative Commons Attribution License OAA 
 
To preview the terms and conditions of these open access agreements please visit 
the Copyright FAQs hosted on Wiley Author Services 
http://exchanges.wiley.com/authors/faqs---copyright-_301.html and visit 
http://www.wileyopenaccess.com/details/content/12f25db4c87/Copyright--
License.html. 
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Colour 
Journal policy states authors pay the full cost for the reproduction of their colour 
artwork. On acceptance of your paper for publication, if you would like for your 
figures to appear in colour complete and sign the Colour Work Agreement Form 
(CWAF). The form can be downloaded from here. 
 
Once completed, please return the form (hard copy with original signature) to 
Customer Services via regular mail to the address below: 
 
Customer Services (OPI), John Wiley & Sons Ltd, European Distribution Centre, New 
Era Estate, Oldlands Way, Bognor Regis, West Sussex PO22 9NQ, UK 
 
Manuscripts received with colour files WILL NOT be reproduced in colour unless a 
CWAF has been received. 
 
Proofs 
Proofs will be sent to the corresponding author and should be returned within 48 
hours of receipt to avoid delay in publication. Overseas contributors should ensure 
that a rapid airmail service is used. Authors are encouraged to use E-annotation tools 
available in Adobe Acrobat Professional or Acrobat Reader (version 7.0 or above) to 
e-annotate the PDF copy of their proofs, which can be returned electronically. 
 
AUTHOR BENEFITS 
Open Access Publishing 
OnlineOpen is available to authors of primary research articles who wish to make 
their article available openly on publication, or whose funding agency requires 
grantees to archive the final version of their article. With OnlineOpen, the author, the 
author's funding agency, or the author's institution pays a fee to ensure that the 
article is openly available  upon publication via Wiley Online Library, as well as 
deposited in the funding agency's preferred archive. For the full list of terms and 
conditions, see http://wileyonlinelibrary.com/onlineopen#OnlineOpen_Terms. 
 
Any authors wishing to send their paper OnlineOpen will be required to complete the 
payment form available from our website at 
https://authorservices.wiley.com/bauthor/onlineopen_order.asp. 
 
Prior to acceptance, there is no requirement to inform the Editorial Office that you 
intend to publish your paper OnlineOpen if you do not wish to. All OnlineOpen 
articles are treated in the same way as any other article. They go through the 
journal's standard peer-review process and will be accepted or rejected based on 
their own merit. 
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