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RESUMO 

Algumas condições sistêmicas afetam o processo de remodelação óssea favorecendo a atividade 

osteoclástica e, portanto, são caracterizadas por uma perda óssea excessiva. Dentre elas 

podemos citar osteoporose, doença de Paget, e tumores metastáticos ou hipercalcemia associada 

a tumores malignos. Drogas antirreabsortivas atuam na supressão da atividade osteoclástica 

(reabsorção óssea) e são indicadas para o tratamento destes pacientes. Entretanto, o uso de 

drogas antirreabsortivas tem sido relacionado a um efeito colateral severo caracterizado por 

necrose óssea, conhecido por osteonecrose dos maxilares induzida por medicamentos 

(ONMIM). Até o presente momento, a literatura aponta para uma grande dificuldade clínica em 

determinar uma distinção efetiva entre características imaginológicas precoces associadas ao 

desenvolvimento desta condição. Portanto, a identificação das características radiográficas que 

podem servir como fatores preditores de ONMIM, e as condições associadas ao seu 

desenvolvimento, são relevantes para diagnóstico e tratamento precoces. Desta maneira, o 

objetivo do presente estudo foi comparar os preditores radiográficos de ONMIM em locais de 

extração dentária, em pacientes oncológicos sob terapia antirreabsortiva. Quarenta e um 

pacientes oncológicos submetidos a tratamento com droga antirreabsortiva, com história de 

extração dentária visualizada por imagem panorâmica, foram incluídos retrospectivamente 

neste estudo. Foram selecionados como controles (n=57) pacientes saudáveis com imagens 

panorâmicas disponíveis, com idade, sexo e dentes extraídos pareados com os pacientes 

oncológicos. Um total de 288 sítios de extração foram avaliados independentemente por dois 

radiologistas orais, com avaliação de oito características radiográficas distintas. As 

características radiográficas dos locais de extração foram anotadas para permitir a comparação 

entre e dentre indivíduos, em relação à cicatrização e ao desenvolvimento da osteonecrose. A 

associação entre os achados radiográficos, condição dentária e ONMIM também foi testada. O 

nível de significância foi fixado em 5%. Os pacientes sob tratamento com drogas 

antirreabsortivas apresentaram aumento do espaço do ligamento periodontal, espessamento da 

lâmina dura, padrão ósseo esclerótico, perda óssea horizontal e radiolucência periapical com 

reação óssea (p≤0.05). O desenvolvimento de ONMIM foi associado à alteração do padrão 

ósseo, perda óssea angular, envolvimento da furca e tratamento endodôntico insatisfatório 

(p≤0.05). Também foi encontrada associação entre ONMIM e a condição dentária, 

especialmente as lesões periapicais e ocorrência concomitante de doenças endodônticas e 

periodontais (p≤0.05). Em conclusão, os preditores radiográficos de desenvolvimento de 

ONMIM em sítios de extração incluem padrão ósseo heterogêneo, perda óssea angular e 



envolvimento de furca. Os locais de extração com alterações ósseas subjacentes relacionadas 

às doenças periapicais e periodontais são mais propensos ao desenvolvimento de ONMIM. 

Palavras-chave: Denosumab. Extração dentária. Neoplasia. Osteonecrose. Osteonecrose da 

Arcada Osseodentária Associada a Difosfonatos.  



ABSTRACT 

Some systemic conditions affect the process of bone remodeling favoring osteoclastic activity 

and, therefore, are characterized by excessive bone loss. Among them we can mention 

osteoporosis, Paget’s disease, metastatic tumors, and hypercalcemia associated to malignant 

tumors. Antiresorptive drugs act on the suppression of osteoclastic activity (bone resorption) 

and are indicated for the treatment of these patients. However, the use of antiresorptive drugs 

has been related to a severe side effect characterized by bone necrosis, known as medication-

related osteonecrosis of the jaws (MRONJ). To date, the literature points to a great difficulty in 

determining an effective distinction between early imaging characteristics associated with the 

development of this condition, and without tangible clinical application. Therefore, the 

identification of radiographic characteristics that can serve as predictors of MRONJ, and the 

conditions associated with its development, are relevant for early diagnosis and treatment. Thus, 

the aim of the present study was to compare radiographic predictors of MRONJ in dental 

extraction sites of oncologic patients under antiresorptive therapy. Forty-one oncologic patients 

undergoing intravenous antiresorptive treatment, with history of dental extraction visualized by 

panoramic imaging were retrospectively included in this study. Age-, gender-, and extracted 

tooth-matching healthy patients with panoramic imaging were selected as controls (n=57). A 

total of 288 extraction sites were independently evaluated by two oral and maxillofacial 

radiologists with assessment of eight distinct radiographic features. Radiographic features of 

extraction sites were noted to allow comparison between and within subjects, regarding healing 

and osteonecrosis development. The association between radiographic findings, underlying 

dental disease and MRONJ was also tested. The level of significance was set at 5%. Patients 

under antiresorptive presented widening of the periodontal ligament space, thickening of lamina 

dura, sclerotic bone pattern, horizontal bone loss and periapical radiolucency with bone reaction 

(p≤0.05). MRONJ development was associated with altered bone pattern, angular bone loss, 

furcation involvement and unsatisfactory endodontic treatment (p≤0.05). Also, association 

between MRONJ and previous dental disease was found, especially for periapical lesions and 

conjunction of endodontic and periodontal diseases (p≤0.05). In conclusion, radiographic 

predictors of further development on MRONJ in extraction sites include heterogeneous bone 

pattern, angular bone loss and furcation involvement. Extraction sites with underlying bony 

changes related to periapical and periodontal disease are more prone to development of 

MRONJ. 



Keywords: Bisphosphonate-Associated Osteonecrosis of the Jaw. Denosumab. Neoplasms. 

Osteonecrosis. Tooth Extraction.  
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1 INTRODUÇÃO 

O osso é um tecido vivo que apresenta constante remodelação. Esse mecanismo de 

remodelação óssea responde a diversos fatores, como por exemplo estresse mecânico, fatores 

nutricionais e hormonais (Jonasson et al., 2018). Participam desse processo de remodelação 

óssea os osteócitos, osteoclastos responsáveis pela reabsorção óssea e osteoblastos responsáveis 

pela formação óssea (Chang et al., 2018; Jonasson et al., 2018). 

Algumas condições sistêmicas afetam o processo de remodelação óssea favorecendo a 

atividade osteoclástica e, portanto, são caracterizadas por uma perda óssea excessiva, como por 

exemplo osteoporose, doença de Paget, e tumores metastáticos ou hipercalcemia associada a 

tumores malignos (George et al., 2018; Dutra et al., 2019). Devido a esta alteração da 

remodelação óssea, tais pacientes podem apresentar eventos ósseos indesejáveis, como por 

exemplo, dor, fraturas patológicas, compressão da medula óssea e hipercalcemia (Menshawy 

et al., 2018; Limones et al., 2020). A ocorrência destes eventos aumenta a morbidade, afetam 

negativamente aspectos da vida como o trabalho e a vida social, resultam em redução na 

qualidade de vida, aumento do tempo de internação em hospitais e gastos com a saúde (Otto et 

al., 2018; Nicolatou-Galitis et al., 2019). 

Drogas antirreabsortivas atuam na supressão da atividade osteoclástica (reabsorção 

óssea) e são indicadas para evitar estes eventos ósseos indesejáveis nestes pacientes (Menshawy 

et al., 2018; Kuroshima et al., 2019). Dentre as drogas antirreabsortivas, pode-se destacar duas 

classes que são mais comumente utilizadas: os bisfosfonatos e anticorpos monoclonais.  

Os bisfosfonatos são análogos de pirofosfatos inorgânicos que se ligam a hidroxiapatita 

e são responsáveis pela inativação da reabsorção mediada por osteoclastos (Menshawy et al., 

2018). Podem ser classificados em nitrogenados ou não-nitrogenados, sendo o primeiro grupo 

mais potente em relação ao segundo (George et al., 2018). Os bisfosfonatos nitrogenados atuam 

através da inibição de enzimas do ciclo do mevalonato em osteoclastos, induzindo a apoptose 

dessas células. Já os bisfosfonatos não-nitrogenados geram análogos tóxicos da adenosina 

trifosfato que faz com que se perca a função mitocondrial e consequente perda de produção de 

energia dos osteoclastos (Chang et al., 2018). 

A diferenciação das células percursoras em osteoclastos é dependente da expressão do 

receptor transmembrana ativador do fator nuclear kappa B (RANK) dessas células e ligação 

com seu ligante (RANKL), que é uma proteína secretada por células da medula óssea, 
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osteoblastos e células T e B (Baron et al., 2011). O denosumab é um anticorpo monoclonal 

humano, da subclasse IgG2, que apresenta afinidade pelo RANKL. Ao se ligar ao RANKL, o 

denosumab evita sua ligação a receptores RANK de células precursoras dos osteoclastos. 

Portanto, esse agente é responsável pela prevenção da diferenciação de células progenitoras em 

osteoclastos, além de inibir a maturação, função e sobrevivência dos osteoclastos (Thosani and 

Hu, 2015; Chang et al., 2018). 

Os bisfosfonatos se ligam ao tecido ósseo e inibem a atividade osteoclástica ao serem 

absorvidos pelos osteoclastos, já o denosumab evita a ligação RANK-RANKL destas células, 

fator responsável por sua ativação. Portanto, apesar de ambos suprimirem a atividade 

osteoclástica, a principal diferença entre os mecanismos de ação dessas drogas antirreabsortivas 

é que enquanto os bisfosfonatos precisam ser internalizados para agirem sobre os osteoclastos, 

o denosumab tem capacidade de atuar no ambiente extracelular (Baron et al., 2011). 

Ambas as drogas antirreabsortivas são prescritas para o tratamento dos pacientes 

supracitados. Pacientes oncológicos recebem maiores doses de bisfosfonato e/ou denosumab 

(com aplicação subcutânea ou intravenosa) comparados aos pacientes tratados para 

osteoporose, com intuito de reduzir hipercalcemia, eventos ósseos indesejáveis relacionados a 

metástases ósseas, e controle de lesões líticas causadas por mieloma múltiplo (Ruggiero et al., 

2014; Otto et al., 2018). Tem sido demonstrado um atraso e menor ocorrência de eventos ósseos 

indesejáveis nos pacientes oncológicos, além da redução de dor e melhora na qualidade de vida 

de pacientes com metástase óssea e pacientes com mieloma múltiplo, portanto essas drogas 

tornam-se partes essenciais e indispensáveis da terapia oncológica (Menshawy et al., 2018; 

Kuroshima et al., 2019; Nicolatou-Galitis et al., 2019). 

Entretanto, o uso de drogas antirreabsortivas tem sido relacionado a um efeito colateral 

severo caracterizado por necrose óssea, conhecido por osteonecrose dos maxilares induzida por 

medicamentos (ONMIM) (Chang et al., 2018). O primeiro relato de ONMIM foi feito por Marx 

(2003), em 36 pacientes que faziam uso de pamidronato ou alendronato para tratamento de 

hipercalcemia relacionada a tumores metastáticos, mieloma múltiplo e um caso de osteoporose. 

Desde então, uma crescente quantidade de relatos e pesquisas acerca de ONMIM têm sido 

realizadas a fim de esclarecer todos os aspectos relacionados a essa condição patológica, como 

incidência, fatores de risco, fatores desencadeadores e etiopatogenia. 
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 Para considerar a frequência dos casos de ONMIM, cinco principais fatores devem ser 

observados: o motivo da indicação da terapia (paciente osteoporóticos ou oncológicos), o tipo 

de medicamento empregado (bisfosfonatos ou denosumab), o regime de aplicação (baixa dose 

ou alta dose), frequência de aplicação e a dose cumulativa. A prevalência de ONMIM em 

pacientes que fazem uso de bisfosfonatos orais (baixa dose) para tratamento de osteoporose tem 

sido relatada entre 0,001 a 0,04%, enquanto para  aqueles que fazem aplicações intravenosas 

de bisfosfonatos (alta dose), a prevalência sobe para uma faixa entre 0,001 e 0,3% (Khan et al., 

2015; Kuroshima et al., 2019). Considerando-se a prevalência em pacientes oncológicos, que 

fazem uso intravenoso de bisfosfonatos ou subcutâneo de denosumab (ambos em altas doses), 

esses valores estão entre 0,5 e 5% (Nicolatou-Galitis et al., 2019). É importante ressaltar, que 

90% dos casos de ONMIM ocorrem em pacientes oncológicos que fazem tratamento com altas 

doses de bisfosfonatos ou denosumab (Khan et al., 2015; Nicolatou-Galitis et al., 2019). Dessa 

maneira, pode-se considerar esse grupo de pacientes como mais crítico no que concerne o 

desenvolvimento de ONMIM. 

Além da doença primária, tipo de medicamento, dose e tempo cumulativo de exposição 

representarem fatores de risco, outras características dos pacientes podem estar associadas a um 

maior risco de desenvolver ONMIM, dentre elas: idade, uso de corticosteroides, quimioterapia 

e outras comorbidades sistêmicas ou locais, como diabetes e infecções dentárias, 

respectivamente (Otto et al., 2018; Kuroshima et al., 2019; Nicolatou-Galitis et al., 2019). 

Aproximadamente dois terços dos casos de ONMIM estão associados à extração dentária prévia 

(Otto et al., 2018). Portanto, além dos fatores de risco, pode-se indicar fatores desencadeadores 

para o acometimento da necrose, uma vez que além da extração dentária, a ONMIM pode ser 

precedida por outras cirurgias orais, colocação de implantes, próteses mal adaptadas que 

traumatizam o tecido gengival, e em alguns casos é considerada de causa espontânea 

(Kuroshima et al., 2019). 

Frente a esses diversos fatores acerca da ONMIM, se faz importante que os cirurgiões-

dentistas sejam capazes de realizar o reconhecimento e diagnóstico dessa patologia. 

Normalmente, a sintomatologia relatada envolve dor e sinais de inflamação e infecção, e no 

diagnóstico diferencial deve-se considerar alveolite, sinusite, doenças periodontais, doenças 

periapicais, odontalgia, neuralgia, doenças malignas e osteomielite crônica esclerosante 

(Nicolatou-Galitis et al., 2019; Schiodt et al., 2019). De acordo com a classificação mais 

amplamente aceita, proposta pela American Association of Oral and Maxillofacial Surgeon 

(AAOMS) (Ruggiero et al., 2014), a ONMIM é diagnosticada quando o paciente já fez ou faz 
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uso de drogas antirreabsortivas (ou antiangiogênicos), apresenta tecido ósseo necrótico exposto 

ou presença de fistulas (intra ou extraoral) que permitam sondagem do osso, persistente por 

mais de 8 semanas, e sem histórico de radioterapia da cavidade oral ou doença metastática na 

maxila e/ou mandíbula. Adicionalmente, a AAOMS propõe o estadiamento dos pacientes em: 

pacientes em risco, estágios 0, 1, 2 e 3 (Ruggiero et al., 2014). 

Pacientes em risco compreendem todos os que fazem uso de medicamento 

antirreabsortivo e que não apresentam osso necrótico aparente e se mantem assintomáticos. O 

estágio 0, também denotado como variante não-exposta, se refere àqueles pacientes com 

sintomatologia não específica (p. ex. odontalgia sem causa odontogênica), sem evidência 

clínica de necrose óssea (p. ex. fístula periapical ou periodontal sem necrose pulpar), e achados 

radiográficos (p. ex. perda óssea não relacionada com doença periodontal). Os estágios 1, 2 e 3 

são caracterizados pela exposição do osso necrótico à cavidade bucal, podendo ser 

assintomáticos (estágio 1), com evidência de infecção (estágio 2) ou com evidência de infecção 

e extensão além do osso alveolar, fratura patológica e fístula extraoral (estágio 3) (Ruggiero et 

al., 2014). 

Os sinais radiográficos da ONMIM não são específicos e incluem áreas de esclerose 

óssea, áreas osteólise óssea, espessamento da cortical alveolar, mudanças no padrão das 

trabéculas ósseas, alterações na remodelação óssea (p. ex. manutenção do alvéolo dentário pós-

extração), lesão periapical com osteíte condensante, aumento do espaço do ligamento 

periodontal, espessamento da cortical do canal da mandíbula, perda óssea alveolar (não 

relacionada a doença periodontal), espessamento da cortical inferior da mandíbula, sequestro 

ósseo e reação periosteal (Devlin et al., 2018; Dutra et al., 2019; Moreno-Rabié et al., 2020). 

Entretanto, para a classificação e estadiamento das lesões, os sinais radiográficos são 

considerados adjuvantes e não determinantes, podendo então ocorrer sub-diagnóstico da 

ONMIM ou até mesmo diagnóstico tardio, até que haja manifestação clínica da doença (Schiodt 

et al., 2019). 

A literatura traz uma gama de estudos voltados para a determinação das características 

das lesões ostenecróticas em exames de imagem, incluindo a tentativa de classificar o estágio 

dessas lesões de acordo com os aspectos imaginológicos subjetivos e objetivos (Olutayo et al., 

2010; Wilde et al., 2012; Bagan et al., 2015; Guo et al., 2016; Tohashi et al., 2016; Şahin et al., 

2019). Contudo, o maior desafio é a identificação precoce da ONMIM e estudos imaginológicos 

têm se voltado para a detecção de sinais iniciais de alterações ósseas que indiquem o 
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desenvolvimento da necrose óssea (Devlin et al., 2018; Moreno-Rabié et al., 2020) ou 

exposição óssea (Soundia et al., 2018). Entretanto, até o presente momento, há uma grande 

dificuldade em determinar uma distinção efetiva entre características imaginológicas precoces 

associadas ao desenvolvimento desta condição, e sem aplicação clínica determinante. Além 

disso, permanece desconhecido quando as alterações ósseas podem se tornar irreversíveis ou 

suscetíveis à necrose e se as modalidades de imagem atuais podem identificar tais alterações 

precoces (Vilarinho et al., 2017). Portanto, a identificação das características radiográficas que 

podem servir como preditores de ONMIM, e as condições associadas ao seu desenvolvimento, 

são relevantes para diagnóstico e tratamento precoces (Klingelhöffer et al., 2016; Kim et al., 

2018). 

Os medicamentos antirreabsortivos desempenham um papel crucial no tratamento de 

pacientes oncológicos, apesar do potencial efeito colateral envolvendo a necrose óssea. 

Métodos fáceis, simples e acessíveis para identificação de locais mais propensos ao 

desenvolvimento de ONMIM nesses pacientes poderiam resultar em uma melhoria significativa 

de seus cuidados gerais de saúde e manejo, tratamento odontológico e reabilitação oral mais 

segura. Portanto, o objetivo do presente estudo foi identificar potenciais preditores 

radiográficos de ONMIM, comparando as características radiográficas de sítios dentários antes 

da extração e que desenvolveram ONMIM ou cicatrização sem intercorrências, em pacientes 

oncológicos sob tratamento com drogas antirreabsortivas.  
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Why do some extraction sites develop medication-related osteonecrosis of the jaw and 

others do not? A within-patient study assessing radiographic predictors 

Abstract 

Aims: To compare radiographic predictors of medication-related osteonecrosis of the jaw 

(MRONJ) in dental extraction sites. 

Materials and methods: Forty-one oncologic patients undergoing intravenous antiresorptive 

treatment, with history of dental extraction visualized by panoramic imaging were 

retrospectively included in this study. Age-, gender-, and extracted tooth-matching healthy 

patients with panoramic imaging were selected as controls (n=57). A total of 288 extraction 

sites were independently evaluated by two oral and maxillofacial radiologists with assessment 

of eight distinct radiographic features. Radiographic features of extraction sites were noted to 

allow comparison between and within subjects, regarding healing and osteonecrosis 

development. The association between radiographic findings, underlying dental disease and 

MRONJ was also tested. The level of significance was set at 5%. 

Results: Patients under antiresorptive presented widening of the periodontal ligament space, 

thickening of lamina dura, sclerotic bone pattern, horizontal bone loss and periapical 

radiolucency with bone reaction (p≤0.05). MRONJ development was associated with altered 

bone pattern, angular bone loss, furcation involvement and unsatisfactory endodontic treatment 

(p≤0.05). Also, association between MRONJ and previous dental disease was found, especially 

for periapical lesions and conjunction of endodontic and periodontal diseases (p≤0.05). 

Conclusions: Radiographic predictors of further development on MRONJ in extraction sites 

include heterogeneous bone pattern, angular bone loss and furcation involvement. Extraction 

sites with underlying bony changes related to periapical and periodontal disease are more prone 

to development of MRONJ. 

Conflict of Interest: None. 

 

Keywords: Denosumab; Bisphosphonates; Neoplasms; Osteonecrosis; Tooth Extraction. 
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Introduction 

 Bisphosphonates and denosumab are well-established antiresorptive drugs used as 

treatment for metastatic cancer and multiple myeloma, amongst other diseases.1,2 Despite 

having different action mechanisms, both medications cause rather similar bony effects by 

inhibition of osteoclast activity.3,4 The effect of antiresorptive drugs in diminishing skeletal-

related events is well known and improves the quality of life in oncologic patients.1,5 However, 

these drugs may have a severe side effect causing a progressive bone destruction in the 

maxillofacial region known as antiresorptive drug-related osteonecrosis of the jaws, often more 

generally denoted as medication-related osteonecrosis of the jaws (MRONJ).6 MRONJ is 

depicted as necrotic bone in the oral cavity (evident or not), possible inflammation of 

surrounding soft tissues and fistula formation, without healing after eight weeks of onset.5,7,8 

Patients are clinically diagnosed as having MRONJ if they are or have been under 

antiresorptive drug therapy (ADT), with exposed jawbone for more than 8 weeks, and without 

history of head and neck radiotherapy.6 Patients can be clinically classified into 4 different 

stages: from prodromal stage 0 (non-exposed bone) to stages 1, 2, and 3 with exposed and 

necrotic bone. Additionally, all patients that are in current or previous ADT are considered “at 

risk” for MRONJ development.6 A major issue concerning this MRONJ classification is that 

although the radiographic findings are secondary in case definition, clinical signs and symptoms 

may come too late or underestimate the true extent of the lesion.7,9–13 

Early diagnosis is one of the challenges with MRONJ, which makes imaging exams 

indispensable. Several studies have proven the value of imaging in early diagnosis of 

MRONJ.13,14 However, radiographic findings observed previous to MRONJ and following the 

onset of this condition are still not clearly defined in the literature and remain non-specific and 

with limited (or unclear) clinical application. Additionally, it remains unknown when bone 

alterations could become irreversible or susceptible for setting necrosis, and whether current 

imaging modalities could identify such early alterations.15 Therefore, the identification of 

radiographic characteristics that may serve as predictors of MRONJ, and the conditions 

associated with its development, are relevant for early diagnosis and treatment.16,17 

 Clinical risk factors associated with MRONJ include the type of antiresorptive drug, 

drug intake regimen, time under ADT, other concomitant comorbidities, and adjunction with 

other drugs.5 Some studies have indicated periodontitis, or even inflammatory/infectious dental 

diseases in general, to be an important risk factor for MRONJ.13,18–20 Another important aspect 
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of the development of MRONJ is the potential triggering factors, as most of the reported lesions 

are associated with tooth extraction.1,6,12,13 In this sense, knowledge about which sites present 

high risk of necrosis in patients under ADT would be paramount for those seeking for oral 

rehabilitation with potential removal of compromised teeth. 

 Antiresorptive drugs play a crucial role in treatment of oncologic patients, despite the 

potential side effect involving bone necrosis. Easy, simple, and accessible methods for 

identification of sites that are more prone to the development of MRONJ in those patients could 

result in significant improvement to their general health care and a safer oral rehabilitation. 

Therefore, the aim of the present study was to identify potential radiographic predictors of 

MRONJ, by comparing radiographic features of dental sites before tooth extraction that further 

developed MRONJ or healed uneventfully. 
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Methods 

This retrospective, longitudinal, case-control study was carried out after ethical approval 

(nº S63934). All procedures were in accordance with Helsinki Declaration, and following the 

ethical standards established by the Institutional Review Board. 

Patient Selection 

Clinical database of oncological patients from the department of Oral and Maxillofacial 

Surgery at the University Hospitals Leuven was searched to select all patients that fulfilled the 

following inclusion criteria: patients diagnosed with cancer, in current or with history of 

intravenous/subcutaneous ADT, submitted to tooth extraction during or after ADT, presenting 

at least one panoramic radiograph taken after starting ADT and before tooth extraction, and 

with clinical information regarding follow-up to verify normal healing or diagnosis of MRONJ 

at the extraction site. Exclusion criteria were patients under antiresorptive therapy for other 

primary diseases treatment (e.g., osteoporosis), with previous history of head and neck 

radiotherapy, unavailable extraoral imaging prior to tooth extraction, and/or incomplete 

medical and dental reports that did not allow to verify the development of MRONJ or normal 

postoperative healing. Additionally, healthy patients (i.e., without diagnosis of cancer) from the 

same hospital, matched on age, gender, and extracted tooth, without history of ADT, and with 

panoramic radiograph taken before tooth extraction were included as controls. A total of 98 

patients was selected: 41 with history of intravenous/subcutaneous ADT for cancer therapy and 

57 healthy controls.  

Clinical Data 

Clinical information was retrieved from medical and dental reports as follows: date of 

birth, sex, primary disease, intravenous antiresorptive agent used, time under ADT, 

identification of the extracted tooth, extraction reason, development of MRONJ or normal 

healing in up to 8 weeks postoperatively, use of antibiotic prophylaxis and antiresorptive drug 

holiday at least 60 days before tooth extraction, higher MRONJ stage according to the AAOMS 

classification,6 formation of bone sequestrum, and healing of the MRONJ lesion. 

Imaging Examinations  

Panoramic radiographs taken previously to dental extractions were exported from the 

hospital server in DICOM format, randomized and independently assessed by two oral and 

maxillofacial radiologists in a dimly-lit environment, using a high-resolution monitor (MD 
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Barco MDRC-2221; Barco, Kortrijk, Belgium). Prior to image assessment, a calibration session 

was performed to explain and show examples of all parameters to be assessed. Subsequently, a 

training session was done using 12 panoramic images not included in the present study, under 

the same interpretation conditions. The following radiographic characteristics were registered, 

considering the local assessment of the dental extraction sites before the procedure was carried 

out: 

• Periodontal ligament space: normal or widened. 

• Lamina dura (alveolar cortex): normal or thickened. 

• Pattern of adjacent alveolar bone: normal, sclerotic, or heterogeneous (mixed 

radiolucent/sclerotic). 

• Horizontal bone loss: absent/initial (bone loss absent or extending until cervical third of 

the root), or moderate/severe (extending to middle or apical thirds of the root). 

• Angular bone loss: absent or present. 

• Furcation involvement: absent or present. 

• Pulp/endodontic treatment status: sound tooth, probable pulp compromise (i.e. 

extensive restoration, caries lesion or crown fracture), satisfactory endodontic treatment 

(i.e. homogeneous obturation extending from 0 to 2mm from the apex), or unsatisfactory 

endodontic treatment (non-homogenous, over- or under-obturation). 

• Periapical status: normal, widened periapical periodontal ligament space or periapical 

radiolucency, or periapical radiolucency with adjacent sclerotic bone (condensing 

osteitis or diffuse sclerosing osteomyelitis). 

After the evaluations, responses from observers were confronted, and cases of 

disagreement were discussed with a third oral and maxillofacial radiologist to reach consensus. 

After 15 days, 20% of the images were reassessed by all 3 observers independently to verify 

intra- (versus the consensus) and inter-observer reproducibility (versus each observer). 

Statistical Analysis 

Data was analyzed using SPPS Statistics software version 22.0 (IBM Corp., Armonk, 

NY, USA). Differences were considered statistically significant when p≤0.05. Kappa test was 

used to calculate intraobserver agreement, and interobserver agreement.  

Control group vs. ADT group 
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Chi-square test and Mann-Whitney U-test (for ordinal variables) were used to test the 

independency of radiographic characteristics of the extraction sites between control and ADT 

groups. The extraction sites of the ADT group were split into 2 different subgroups: MRONJ- 

for those sites that healed normally in up to 8 weeks, and MRONJ+ for those sites that further 

developed necrosis. Chi-square test (or Mann-Whitney U-test for ordinal variables) was used 

to test the independency of radiographic characteristics of the extraction sites between 

MRONJ+ and MRONJ- groups. The null hypothesis was that radiographic characteristics are 

independent in control and ADT extraction sites, or in MRONJ+ and MRONJ- extraction sites. 

MRONJ- and MRONJ+ paired analysis (within-patient) 

Eighteen ADT patients with multiple extraction sites presented both MRONJ- and 

MRONJ+ diagnoses. Among those patients, a paired analysis was carried out, crossing all 

possible combinations of MRONJ- (n=63) and MRONJ+ (n=49) sites within each patient. A 

total of 277 paired combinations was obtained, and their distribution among the radiographic 

characteristics were compared by McNemar test (dichotomous variables) and Wilcoxon signed-

ranks test (categorical variables). The null hypothesis was that there was no difference in the 

distribution of radiographic signs between MRONJ- and MRONJ+ extraction sites within a 

patient. 

Association between underlying dental disease, radiographic characteristics and MRONJ 

Teeth were further classified according to the presence of radiographic signs of 

underlying dental disease: none; periodontal disease (when moderate to severe bone loss, 

angular bone loss or furcation involvement was present); endodontic disease (when probable 

pulp compromise, widened periapical periodontal ligament space, or periapical radiolucency – 

with or without bone reaction – was present); and periodontal + endodontic disease (when both 

periodontal and endodontic underlying diseases were present). Extraction sites were pooled 

according to their classification of underlying dental disease and compared (chi-square test) 

between MRONJ- and MRONJ+, within each of the following radiographic characteristics of 

adjacent structures: periodontal ligament space, lamina dura, and bone pattern. The null 

hypothesis was that underlying dental disease associated with distinct radiographic 

characteristics of the adjacent structures are independent in MRONJ- and MRONJ+ extraction 

sites. 
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Results 

Sample characteristics 

Patients demographics, clinical characteristics of extracted teeth sites and their 

distribution according to ADT and control groups are shown in Table 1. Ages in both groups 

ranged from 38 to 89 years old. Most of the patients were males (70.7% and 63.2% for ADT 

and control groups, respectively). Patients in ADT group presented multiple myeloma (31.7%), 

prostate cancer (29.3%), breast cancer in (24.4%) and other cancers (14.6%) as primary disease. 

Most of the patients were under use of intravenous bisphosphonates (63.4%) and had over 3 

years of use by the time of the extractions (41.5%). In total, 158 teeth were extracted in the 

ADT group and 44.3% of those extraction sites developed necrosis, predominantly in the 

posterior mandible, followed by posterior maxilla (40.0% and 31.4%, respectively). Most of 

the extraction reasons in the MRONJ+ sites were teeth with chronic periapical lesions and non-

restorable advanced carious destruction (54%), while for MRONJ- sites none of the reasons for 

tooth extraction were considered dominant. 

Mean intraobserver agreement between observers and final consensus was 0.579 

(±0.211), ranging from 0.329 (for bone pattern) to 0.805 (for pulp/endodontic treatment status). 

Overall mean interobserver agreement was 0.538 (±0.194), ranging from 0.254 (for periodontal 

ligament space) to 0.719 (pulp/endodontic treatment status). 

Control group vs. ADT group 

 The distribution of extraction sites according to radiographic characteristics among the 

control and ADT groups is explored in Table 2. An association between the radiographic 

characteristics and the groups was observed for periodontal ligament space (χ2(1)=6.145, 

p=0.017), lamina dura (χ2(1)=34.689, p<0.001), bone pattern (χ2(2)= 17.293, p<0.001), 

horizontal bone loss (χ2(1)=4.498, p=0.044), and periapical status (U=8.889, p=0.028). 

Table 2 also shows the distribution of extraction sites in the ADT group further divided 

according to the occurrence of necrosis (MRONJ- and MRONJ+). In this comparison, an 

association between certain radiographic signs and the development of necrosis was observed 

for bone pattern (χ2(2)=6.892, p=0.029), angular bone loss (χ2(1)=4.117, p=0.048; Figure 1a), 

and furcation involvement (χ2(1)=4.743, p=0.035; Figure 1b).  
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Table 1. Patients demographic, clinical characteristics of extracted tooth sites and their 

distribution according to ADT and control groups. 

Characteristics 
Patients 

Antiresorptive therapy Healthy control 

Number of patients 41 57 

Age – mean ± SD  68 ± 12.3  64 ± 12.2  

Sex – n (%)   

Female 12 (29.3) 21 (36.8) 

Male 29 (70.7) 36 (63.2) 

Primary disease – n (%)   

Breast cancer 10 (24.4) - 

Prostate cancer 12 (29.3) - 

Multiple myeloma 13 (31.7) - 

Other cancers 6 (14.6) - 

Antiresorptive agent – n (%)   

Bisphosphonates 26 (63.4) - 

Denosumab 15 (36.6) - 

Time in antiresorptive therapy – n (%)   

< 1 year 14 (34.1) - 

Between 1 and 3 years 10 (24.4) - 

> 3 years 17 (41.5) - 

   

Number of extracted teeth – n 158 130 

   

Necrosis development – n (%) Yes No  

 70 (44.3) 88 (55.7) - 

Region – n (%)    

Anterior maxilla 8 (11.4) 20 (22.7) 21 (16.2) 

Posterior maxilla 22 (31.4) 35 (39.8) 40 (30.8) 

Anterior mandible 12 (17.2) 12 (13.6) 19 (14.6) 

Posterior mandible 28 (40.0) 21 (23.9) 50 (38.4) 

    

Extraction reason – n (%)    

Non-restorable and/or chronic periapical lesion  38 (54.3) 26 (29.5) - 

Terminal periodontal breakdown 21 (30.0) 34 (38.6) - 

Root remnant 10 (14.3) 25 (28.4) - 

Fracture 0 (0.0) 1 (1.1) - 

Extrusion 1 (1.4) 0 (0.0) - 

Not mentioned 0 (0.0) 2 (2.3) - 

    

Antibiotic prophylaxis – n (%) 34 (48.6) 43 (48.9) - 

    

Drug holiday > 60 days – n (%) 43 (61.4) 46 (52.3) - 

Maximum MRONJ stage – n (%)    

Stage 1 51 (72.9) - - 

Stage 2 14 (20.0) - - 

 Stage 3 5 (7.1) - - 

Bone sequestrum formation – n (%) 31 (44.3) - - 

    

Clinical healing of the lesion – n (%) 45 (64.3) - - 

SD: standard deviation; MRONJ: medication-related osteonecrosis of the jaws 
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Table 2. Distribution of extraction sites according to radiographic characteristics among the 

control and ADT groups, and among MRONJ+, and MRONJ- cases from the ADT group. 

Radiographic characteristics 
Tooth extraction sites – n (%) 

Control ADT p-value MRONJ - MRONJ + p-value 

Periodontal ligament space 
     

 

Normal 45 (34.6) 34 (21.5) 
0.017* 

22 (25.0) 12 (17.1) 
0.249* 

Widened 85 (65.4) 124 (78.5) 66 (75.0) 58 (82.9) 

Lamina dura 
      

Normal 93 (71.5) 58 (36.7) 
<0.001* 

29 (33.0) 29 (41.4) 
0.320* 

Thickened 37 (28.5) 100 (63.3) 59 (67.0) 41 (58.6) 

Adjacent bone pattern 
      

 Normal  129 (99.2) 136 (86.1) 

<0.001* 

77 (87.5) 59 (84.3) 

0.029* Sclerotic 0 (0.0) 17 (10.8) 11 (12.5) 6 (8.6) 

Heterogeneous 1 (0.8) 5 (3.2) 0 (0.0) 5 (7.1) 

Horizontal bone loss 
      

Absent / initial 78 (60.0) 75 (47.5) 
0.044* 

43 (48.9) 32 (45.7) 
0.749* 

Moderate / severe 52 (40.0) 83 (52.5) 45 (51.1) 38 (54.3) 

Angular bone loss 
      

Absent 114 (87.7) 140 (88.6) 
0.856* 

82 (93.2) 58 (82.9) 
0.048* 

Present 16 (12.3) 18 (11.4) 6 (6.8) 12 (17.1) 

Furcation involvement 
      

Absent 40 (53.3) 41 (45.6) 
0.351* 

27 (56.3) 14 (33.3) 
0.035* 

Present 35 (46.7) 49 (54.4) 21 (43.8) 28 (66.7) 

Pulp / endodontic treatment status  
      

Sound  38 (38.0) 40 (34.5) 

0.852* 

22 (36.7) 18 (32.1) 

0.125* 
Probable pulp compromise 62 (62.0) 76 (65.5) 38 (36.3) 38 (67.9) 

Endodontic treatment – satisfactory 15 (50) 20 (47.6) 16 (57.1) 4 (28.6) 

Endodontic treatment – unsatisfactory 15 (50) 22 (52.4) 12 (42.9) 10 (71.4) 

Periapical status 
      

Normal 47 (36.2) 46 (29.1) 

0.028† 

32 (36.4) 14 (20.3) 

0.051† Widened periapical PLS or periapical radiolucency 74 (56.8) 84 (53.2) 42 (47.7) 42 (60.4) 

Periapical radiolucency with sclerotic bone  9 (6.9) 28 (17.7) 14 (15.9) 14 (20.3) 

ADT: antiresorptive drug therapy; MRONJ: medication-related osteonecrosis of the jaws; PLS: periodontal 

ligament space. 

*According to chi-square test. †According to Mann-Whitney U-test. Bold numbers indicate statistically significant 

differences between subjects. 
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Figure 1. Cropped panoramic radiographs of patients before tooth extraction (left column) and 

subsequent MRONJ after tooth extraction (right column). Arrowheads indicate radiographic 

features associated with necrosis development. In a, a left lower second premolar, presenting 

angular bone loss. In b, first and second left lower molars with furcation involvement. In c, a 

first right lower molar with underfilled root canals.  
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MRONJ- and MRONJ+ paired analysis (within-patient) 

In the paired analysis (Table 3), McNemar test showed different proportions for angular 

bone loss (p=0.001) and furcation involvement (p<0.001), with higher percentage of presence 

in MRONJ+ extraction sites (73.5% and 75.5%, respectively). Wilcoxon signed-ranks test 

indicated that unsatisfactory endodontic treatment was more present in MRONJ+ extraction 

sites (77.5%; p<0.001) (Figure 1c). Despite not presenting different proportions of adjacent 

bone pattern between the groups analyzed (p=0.749), it is worth noting that 100% of the 

heterogeneous bone pattern were MRONJ+ extraction sites. 

Association between underlying dental disease, radiographic characteristics and MRONJ 

Figure 2 brings a between-subjects analysis of the interaction among the presence of 

underlying dental disease and the adjacent bone radiographic characteristics. Overall, it is 

possible to observe an association between underlying dental disease and the development of 

necrosis (χ2(3)=9.780, p=0.019). When the periodontal ligament space was widened 

(χ2(3)=9.149, p=0.023) or the lamina dura was normal (χ2(3)=9.306, p=0.020), an association 

was observed between underlying dental disease classification and MRONJ groups, with an 

increase in MRONJ+ for endodontic and periodontal + endodontic disease (Figure 2, second 

and third rows, respectively). There is also association between underlying dental disease and 

MRONJ (χ2(3) =8.033, p=0.044) for homogeneous bone pattern (Figure 2, fourth row). Among 

those sites without underlying dental disease, the frequency of MRONJ+ extraction sites was 

17.7%, and teeth with periodontal + endodontic conditions in conjunction developed MRONJ 

in more than half of the cases (53.2%) (Figure 3). 
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Table 3. Non-parametric paired analysis of the 18 patients that presented both MRONJ- and 

MRONJ+ extraction sites, distributed among the radiographic characteristics. 

Extraction site radiographic characteristics – n (%) 
Groups – Paired analysis 

p-value 
MRONJ - MRONJ + 

Periodontal ligament space 
  

 

Normal 40 (50.6) 39 (49.4) 
1.000* 

Widened 237 (49.9) 238 (50.1) 

Lamina dura 
   

Normal 72 (49.3) 74 (50.7) 
0.922* 

Thickened 205 (50.2) 203 (49.8) 

Adjacent bone pattern 
   

Normal 210 (47.3) 234 (52.7) 

0.749† Sclerotic 67 (73.6) 24 (26.4) 

Heterogeneous 0 (0.0) 19 (100) 

Horizontal bone loss 
   

Absent / initial 110 (55.3) 89 (44.7) 
0.073* 

Moderate / severe 167 (47.0) 188 (53.0) 

Angular bone loss 
   

Absent 264 (52.3) 241 (47.7) 
0.001* 

Present 13 (26.5) 36 (73.5) 

Furcation involvement 
   

Absent 34 (72.3) 13 (27.7) 
<0.001* 

Present 23 (34.3) 44 (65.7) 

Pulp / endodontic treatment status 
   

Sound  71 (54.6) 59 (45.4) 

<0.001† 
Probable pulp compromise 167 (52.8) 149 (47.2) 

Endodontic treatment – satisfactory 23 (62.2) 14 (37.8) 

Endodontic treatment – unsatisfactory 16 (22.5) 55 (77.5) 

Periapical status 
   

Normal 48 (54.5) 40 (45.5) 

0.404† Widened periapical PLS or periapical radiolucency 166 (49.4) 170 (50.6) 

Periapical radiolucency with sclerotic bone  63 (48.5) 67 (51.5) 

MRONJ: medication-related osteonecrosis of the jaws; PLS: periodontal ligament space. 

*According to McNemar test. †According to Wilcoxon signed-ranks test. Bold numbers indicate statistically 

significant differences within subjects. 
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Figure 2. Bar graphs demonstrating the frequency of MRONJ- and MRONJ+ extraction sites, 

according to the presence of underlying periodontal and/or periapical diseases , and related to 

distinct radiographic characteristics of the adjacent structures: widened periodontal ligament 

space, normal lamina dura, and homogenous bone pattern. Statistical significance was tested 

by chi-square test, with significance level set at 5%. 



33 
 

 

 

Figure 3. Cropped panoramic radiographs of patients presenting underlying periodontal / 

periapical diseases, with areas of widened periodontal ligament space (indicated by the arrows) 

that further developed to MRONJ after tooth extraction. In A, a lower right second premolar, 

with apical radiolucency. In B, and upper right first molar, presenting moderate to advanced 

periodontal bone loss, angular bone loss on the mesial aspect and periapical radiolucency. In C, 

a pulp-compromised lower right first molar, presenting periapical radiolucency with adjacent 

bone sclerosis. 
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Discussion 

As pointed out by Leonardi Dutra et al.21 in a recent systematic review, most of the 

previous studies addressing the radiographic findings of ADT actually included patients after 

diagnosis of MRONJ. The radiographs analyzed in the present study were taken prior to tooth 

extraction and MRONJ development, allowing to link underlying dental diseases to potential 

bony conditions that could be associated with the occurrence of MRONJ. This is the first study 

to identify radiographic predictors of development of MRONJ after tooth extraction in patients 

under ADT. Heterogeneous pattern of alveolar bone, angular bone loss, furcation involvement, 

and unsatisfactory root canal treatment are radiographic findings related to the development of 

MRONJ. Meanwhile, widened periodontal ligament space, thickened lamina dura, sclerotic 

pattern of adjacent alveolar bone, horizontal bone loss, and periapical radiolucency with 

adjacent sclerotic bone are radiographic characteristics that are more frequent among 

antiresorptive therapy patients than in healthy individuals. Those findings are in line with 

previously described imaging features of ADT and MRONJ.7,9,24,12–14,16,18,21–23 

Sclerotic changes in the bone structure, such as thickened lamina dura and sclerotic 

alveolar bone pattern, are expected in patients under ADT due to the osteoclast 

suppression/inhibition caused by these drugs.4,16,24 Sclerosis may also occur as a bone reaction 

to periapical inflammatory stimuli. Therefore, in the cases of periapical radiolucency with 

adjacent bone sclerosis in ADT patients, the radiopaque appearance of the surrounding bone 

may be a consequence of the antiresorptive drug or represent bone response to local infection 

of endodontic origin.21,25 

Widening of the periodontal ligament space was observed in nearly 80% of the patients 

in ADT group. The association of this radiographic finding with antiresorptive drugs is still 

controversial in the literature. While Koth et al.26 and Assaf et al.2 did not find higher prevalence 

in widening of the periodontal ligament space for patients that developed or presented MRONJ, 

Fleisher et al.18 found this characteristic as a common radiographic finding of ADT patients, 

and considered it a potential predictor of risk of necrosis. 

In both non-paired and paired analyses, angular bone loss and furcation involvement 

were associated with the development of MRONJ. This confirms that periodontally unhealthy 

teeth are at higher risk to develop necrosis,19,27 particularly those with signs that represent more 

local consequences of periodontal disease. Additionally, unsatisfactory endodontic treatment 

presented higher prevalence in those extraction sites that further developed necrosis, which may 
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be explained by the less vascularized, and often more sclerotic bony conditions, following 

chronic infection and inflammation. 

Radiographic findings that could be associated with the ADT were not the same as those 

observed for specific sites that developed MRONJ, apart from bone pattern. Sclerotic bone 

pattern was more prevalent in ADT patients than controls, as previously reported.4 However, in 

the heterogeneous bone pattern sites, further MRONJ was dominant, reinforcing its relationship 

with the necrosis process. Considering its unusual appearance, this finding should be further 

investigated to better understand if it represents solely a predictor of higher risk of necrosis, or 

may represent an early stage of MRONJ, comprising a subclinical necrosis process.13,28 

 The presence of underlying dental diseases represents local inflammatory or infectious 

foci, which is in line with the theories concerning MRONJ pathophysiology.4,8,27,29,30 The 

presence of underlying endodontic disease and the association of endodontic and periodontal 

diseases were the most prevalent in MRONJ sites. Those diseases seem to represent a higher 

risk of necrosis when in association with widened periodontal ligament space, which was 

considered to be more critical than the extraction itself.18 Conversely, both normal lamina dura 

and normal bone pattern, which are not expected signs of the antiresorptive therapy but rather 

normal characteristic of these structures, were associated with the development of MRONJ in 

the presence of underlying dental disease. This shows that, not considering the radiographic 

features per se, but an interaction between radiographic signs of dental disease (i.e., chronically 

irritated and altered bone) and possible radiographic appearance of the adjacent structures, are 

important adjunct risk factors. 

 The paired analysis was possible because some patients had multiple extraction sites 

and both postoperative outcomes (i.e., MRONJ and uneventful healing). This unique analysis 

avoided biases regarding individual characteristics of the patients considered as risk factors for 

necrosis development, such as type of antiresorptive drug, drug intake regimen, time under 

antiresorptive therapy, other concomitant comorbidities, and adjunction with other drugs,5,30 

but also innate immune host-response of the patient.3,4 Moreover, all patients were exposed to 

the same triggering factor (i.e., tooth extraction), and therefore, the MRONJ- extraction sites 

were true negative for necrosis. It is known that spontaneous necrosis may occur, but it is rather 

rare compared to when known triggering factors are present, and tooth extraction accounts for 

the majority of the cases.1,6 The control groups of most of the previous studies consisted of 

MRONJ- patients that were under antiresorptive therapy, but not necessarily exposed to 
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triggering factors.  Hence, these studies compared the radiographic features of antiresorptive 

therapy against patients with well-established MRONJ, rather than predictive findings.21 

 The data shown in the present study may serve as reference for further studies on the 

prediction of necrosis in patients “at risk” of MRONJ. A combination of the radiographic 

features observed in the present study and treatment approach may be useful for clinical studies 

that involve the management of extraction sites with high risk for necrosis, aiming to achieve 

better outcomes. Also, our findings may alert professionals, in care of patients under ADT, of 

specific dental sites at higher risk for necrosis following tooth extractions. Future studies should 

assess the possibility of rehabilitation with dental implants in those sites that healed 

uneventfully. Patients should receive dental examination prior to starting ADT, to evaluate and 

control acute and chronic dental pathologies, as well as continuous monitoring of dental health 

in collaboration with the oncologic care team.  
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Conclusions 

In conclusion, extraction sites with underlying bony changes related to periapical and 

combined periapical and periodontal diseases are more prone to the development of MRONJ.  

Radiographic predictors of development of MRONJ in extraction sites include heterogeneous 

pattern of adjacent alveolar bone, angular bone loss and furcation involvement. Heterogeneous 

bone pattern seems to be a predictor of high-risk to develop MRONJ after tooth extraction. 

When the professional faces a case of a patient under antiresorptive drugs seeking for oral 

rehabilitation with required tooth removal, caution is needed in presence of underlying peri-

apical and periodontal diseases.  
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3 CONCLUSÃO 

 Em conclusão, sítios de extração com alterações ósseas relacionadas a doenças 

periapicais e combinação entre alterações periapicais e periodontais são mais propensos ao 

desenvolvimento de ONMIM.  Os preditores radiográficos de desenvolvimento de ONMIM 

posterior à extração dentária incluem padrão heterogêneo do osso alveolar adjacente, perda 

óssea angular e envolvimento de furca. O padrão ósseo heterogêneo parece ser um preditor de 

alto risco para o desenvolvimento de ONMIM após a extração dentária. Quando o profissional 

está frente a um caso de um paciente que faz uso de drogas antirreabsortivas em busca de 

reabilitação oral com necessidade de extração dentária, é necessário cautela nos sítios onde há 

presença de doenças periapicais e periodontais.
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APÊNDICE 1 – Metodologia detalhada 

Este estudo retrospectivo, longitudinal e caso-controle foi realizado após aprovação 

ética do comitê de ética em pesquisa da FOP-UNICAMP (CAAE: 32731820.3.0000.5418) e da 

Katholieke Universiteit Leuven (nº S63934). Todos os procedimentos estavam de acordo com 

a Declaração de Helsinki, resolução nº466/2012 e seguindo os padrões éticos estabelecidos 

pelos comitês de ética em pesquisa institucionais. 

Seleção de Pacientes e Critérios de Elegibilidade 

O banco de dados de pacientes oncológicos do departamento de Cirurgia Oral e 

Maxilofacial do Hospital Universitário de Leuven (UZ Leuven) foi examinado para selecionar 

todos os pacientes que preenchiam os seguintes critérios de inclusão: pacientes diagnosticados 

com câncer, em vigência ou com histórico de terapia com droga antirreabsortiva (TAR) 

intravenosa/subcutânea, submetidos à extração dentária durante ou após o início da terapia com 

droga antirreabsortiva, apresentando pelo menos uma radiografia panorâmica feita após o início 

da terapia com droga antirreabsortiva e antes da extração dentária, e com informações clínicas 

sobre o acompanhamento para verificar a cicatrização normal ou o diagnóstico de ONMIM no 

local da extração. Os critérios de exclusão foram pacientes sob TAR para tratamento de outras 

doenças primárias (p. ex. osteoporose), com histórico prévio de radioterapia de cabeça e 

pescoço, imagens extrabucais indisponíveis antes da extração dentária, e/ou relatórios médicos 

e dentários incompletos que não permitiam verificar o desenvolvimento de ONMIM ou a 

cicatrização pós-operatória normal. Além disso, pacientes saudáveis (isto é, sem diagnóstico de 

câncer) do mesmo hospital, com correspondência de idade, sexo e dente extraído, sem histórico 

de TAR, e com radiografia panorâmica feita antes da extração dentária foram incluídos como 

controles. Um total de 98 pacientes foi selecionado: 41 com histórico de TAR 

intravenoso/subcutâneo parte do tratamento oncológico e 57 controles saudáveis. 

Dados clínicos 

As seguintes informações clínicas foram recuperadas dos relatórios médicos e dentários: 

data de nascimento, sexo, doença primária, droga antirreabsortiva intravenosa/subcutânea 

utilizada, tempo sob TAR, identificação do dente extraído, motivo da extração, 

desenvolvimento de ONMIM ou cicatrização normal em até 8 semanas de pós-operatório, uso 

de profilaxia antibiótica e suspensão da TAR por pelo menos 60 dias antes da extração do dente, 

maior estágio de ONMIM de acordo com a classificação AAOMS (Ruggiero et al. 2014), 

formação de sequestro ósseo e cura da lesão necrótica. 
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Exames de imagem  

Radiografias panorâmicas adquiridas previamente as extrações dentárias foram 

exportadas do servidor do hospital no formato DICOM, aleatorizadas e avaliadas 

independentemente por dois radiologistas orais em um ambiente pouco iluminado, utilizando 

um monitor de alta resolução (MD Barco MDRC-2221; Barco, Kortrijk, Bélgica). Antes da 

avaliação das imagens, foi realizada uma sessão de calibração para explicar e mostrar exemplos 

de todos os parâmetros a serem avaliados. Em seguida, foi realizada uma sessão de treinamento 

utilizando 12 imagens panorâmicas não incluídas no presente estudo, sob as mesmas condições 

de interpretação. As seguintes características radiográficas foram registradas, considerando a 

avaliação local dos sítios de extração dentária antes da realização do procedimento: 

• Espaço do ligamento periodontal: normal ou aumentado. 

• Cortical alveolar (lâmina dura): normal ou espessada. 

• Padrão de osso alveolar adjacente: normal, esclerótico ou heterogêneo (mistura 

radiolúcido/esclerótico). 

• Perda óssea horizontal: ausente/inicial (perda óssea ausente ou que se estende até o terço 

cervical da raiz), ou moderada/severo (que se estende até os terços médio ou apical da 

raiz). 

• Perda óssea angular: ausente ou presente. 

• Envolvimento da furca: ausente ou presente. 

• Condição pulpar/tratamento endodôntico: dente hígido, provável comprometimento da 

polpa (ou seja, restauração extensa, lesão de cárie profunda ou fratura da coroa), 

tratamento endodôntico satisfatório (ou seja, obturação homogênea estendendo-se de 0 

a 2mm do ápice), ou tratamento endodôntico insatisfatório (não homogêneo, sobre- ou 

sub-obturação). 

• Estado periapical: normal, espaço do ligamento periodontal periapical aumentado ou 

radiolucência periapical, ou radiolucência periapical com osso esclerótico adjacente 

(osteíte condensante ou osteomielite esclerosante difusa). 

Após as avaliações, as respostas dos observadores foram confrontadas e os casos de 

desacordo foram discutidos com um terceiro radiologista oral para se chegar a um consenso. 

Após 15 dias, 20% das imagens foram reavaliadas pelos 3 observadores independentemente 

para verificar a reprodutibilidade intra (versus o consenso) e inter-observadores (versus cada 

observador). 
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Figura 1 - Parâmetros avaliados como características radiográficas 
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Análise estatística 

Os dados foram analisados usando o software SPPS Statistics versão 22.0 (IBM Corp., 

Armonk, NY, EUA). As diferenças foram consideradas estatisticamente significativas quando 

p≤0.05. O teste Kappa foi usado para calcular a concordância intra e inter-observador.  

Grupo de controle vs. grupo terapia com droga antirreabsortiva 

O teste qui-quadrado e o teste Mann-Whitney U-test (para variáveis ordinais) foram 

usados para testar a independência das características radiográficas dos locais de extração entre 

os grupos controle e grupo terapia com droga antirreabsortiva. Os locais de extração do grupo 

terapia com droga antirreabsortiva foram divididos em 2 subgrupos diferentes: ONMIM- para 

aqueles locais que cicatrizaram normalmente em até 8 semanas, e ONMIM+ para aqueles locais 

que desenvolveram necrose. O teste qui-quadrado (ou teste Mann-Whitney U-test para 

variáveis ordinais) foi usado para testar a independência das características radiográficas dos 

locais de extração entre os grupos ONMIM+ e ONMIM-. A hipótese nula foi que as 

características radiográficas são independentes nos locais de extração para o grupo controle e 

grupo terapia com droga antirreabsortiva, ou nos locais de extração de ONMIM+ e ONMM-. 

Análise pareada de ONMIM- e ONMIM+ (dentre sujeitos) 

Dezoito pacientes do grupo terapia com droga antirreabsortiva, com múltiplos sítios de 

extração, apresentaram diagnósticos tanto de ONMIM- como de ONMIM+. Entre esses 

pacientes, foi realizada uma análise pareada, cruzando todas as combinações possíveis de locais 

de ONMIM- (n=63) e ONMIM+ (n=49) dentro de cada paciente. Um total de 277 combinações 

pareadas foram obtidas, e sua distribuição entre as características radiográficas foi comparada 

pelo teste McNemar (variáveis dicotômicas) e pelo teste Wilcoxon (variáveis categóricas). A 

hipótese nula foi que não houve diferença na distribuição dos sinais radiográficos entre os locais 

de extração de ONMIM- e ONMIM+ dentro do mesmo paciente. 

Associação entre doença dentária, características radiográficas e ONMIM 

Os dentes foram classificados de acordo com a presença de sinais radiográficos de 

doença dentária: nenhuma; doença periodontal (quando havia perda óssea moderada a grave ou 

envolvimento de furca); doença endodôntica (quando havia provável comprometimento da 

polpa, espaço do ligamento periodontal periapical ampliado ou radiolucência periapical com ou 

sem reação óssea); e doença periodontal + endodôntica (quando tanto doenças periodontais 

quanto endodônticas estavam presentes). Os locais de extração foram agrupados de acordo com 
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sua classificação de doença dentária e comparados (teste qui-quadrado) entre ONMIM- e 

ONMIM+, dentro de cada uma das seguintes características radiográficas das estruturas 

adjacentes: espaço do ligamento periodontal, lâmina dura (cortical alveolar) e padrão ósseo 

adjacente. A hipótese nula foi que a doença dentária associada às características radiográficas 

distintas das estruturas adjacentes é independente nos locais de extração ONMIM- e ONMIM+. 
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ANEXOS 

Anexo 1 – Aceite para publicação 
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Anexo 2 – Relatório de originalidade (Turnitin) 
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Anexo 3 – Aprovação do Comitê de Ética em Pesquisa FOP-UNICAMP 
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Anexo 4 – Aprovação do Comitê de Ética em Pesquisa KU-LEUVEN 
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