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RESUMO 

 

 
QUANTIFICAÇÃO VOLUMÉTRICA DO REBORDO ALVEOLAR APÓS 

REANATOMIZAÇÃO DO ASSOALHO DO SEIO MAXILAR PARA 
INSTALAÇÃO DE IMPLANTES 
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ORIENTADORA: Gabriela Salatino Liedke 

 
 
 

Introdução: A ausência dos dentes superiores posteriores leva à reabsorção óssea 

e pneumatização do seio maxilar, muitas vezes impedindo a inserção imediata do 

implante e levando à necessidade da realização de enxerto para levantamento do 

seio maxilar (LSM). Objetivo: Avaliar, em imagens de tomografia computadorizada 

de feixe cônico (TCFC), as alterações volumétricas no rebordo alveolar e seio 

maxilar após cirurgia de LSM, enxerto com substituto ósseo bovino e instalação de 

implantes dentários. Materiais e métodos: Foram avaliados o volume ósseo e 

sinusal de 16 seios maxilares de 12 pacientes submetidos ao LSM, enxerto ósseo e 

instalação de implantes. Exames de TCFC foram realizados em três momentos: 

avaliação do leito ósseo remanescente (T0), avaliação do enxerto após LSM para 

planejamento cirúrgico do implante (T1) e avaliação após cicatrização dos implantes 

(T2). As imagens em formato DICOM foram avaliadas por dois examinadores 

calibrados (ICC > 0,9) no software ITK-SNAP. O volume medido em cada tempo foi 

comparado utilizando o teste ANOVA. Variáveis clínicas e demográficas foram 

coletadas e a porcentagem de ganho e de reabsorção ósseas foram comparadas 

utilizando o teste t. O nível de significância considerado foi P < 0,05. Resultados: O 

rebordo ósseo apresentou aumento significativo após LSM (T1), com reabsorção 

óssea também significativa (T2); o volume sinusal apresentou redução significativa 

após LSM (T1) e manutenção deste volume ao longo do tempo (T2). Locais com 

variação volumétrica em T1 superior a 200% apresentaram menor reabsorção 

longitudinal (p=0,036), sem associação com variáveis clínicas ou demográficas (p > 

0,05). Conclusão: O presente estudo encontrou aumento médio de 200% do 

rebordo ósseo após LSM e reabsorção média de 11% ao longo de quatro anos, após 

a instalação dos implantes, concentrada na região cervical dos implantes. O ganho 

ósseo e a reabsorção do volume enxertado não tiveram associação com variáveis 

clínicas ou demográficas dos pacientes. 

 

Palavras-chave: Enxerto ósseo. Levantamento do Assoalho do Seio Maxilar. 

Implante Dentário. Tomografia Computadorizada de Feixe Cônico.  
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VOLUMETRIC QUANTIFICATION OF THE ALVEOLAR RIDGE AFTER 

REANATOMIZATION OF THE MAXILLARY SINUS FLOOR FOR IMPLANT 

INSTALLATION 
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Background: The loss of upper posterior teeth leads to bone resorption and 

maxillary sinus pneumatization, often preventing immediate insertion of dental 

implants and leading to the need for sinus floor augmentation (SFA) and bone graft. 

Objective: To evaluate, in cone-beam computed tomography (CBCT) images, the 

volumetric changes in the alveolar ridge and maxillary sinus after bone grafting for 

SFA and dental implants placement. Materials and methods: Bone and sinus 

volume of 16 maxillary sinuses of 12 patients submitted to SFA, bone graft, and 

implant placement were evaluated. CBCT exams were performed three times: 

evaluation of the residual bone (T0), evaluation of the graft after SFA before implant 

surgical planning (T1), and evaluation after implants healing (T2). All DICOM 

formatted images were evaluated by two calibrated examiners (ICC > 0.9) using ITK-

SNAP software. The volume measured at each time point was compared using the 

ANOVA test. Clinical and demographic variables were collected and the percentage 

of bone gain and resorption were compared using the t-test. The significance level 

considered was P < 0.05. Results: The bone volume showed a significant increase 

after SFA (T1), with also significant resorption (T2); the sinus volume showed a 

significant reduction after SFA (T1) but with volume maintenance over time (T2). 

Sites with volumetric variation at T1 greater than 200% had lower longitudinal 

resorption (p=0.036), with no association with clinical or demographic variables (p > 

0.05). Conclusion: The present study found an average increase of 200% in the 

bone ridge after SFA and an average resorption of 11% over four years, after implant 

placement, concentrated in the cervical region of the implants. Bone gain and 

resorption of the graft volume were not associated with the clinical or demographic 

variables of the patients. 

 

Keywords: Bone Grafting. Sinus Floor Augmentation. Dental Implant. Cone-Beam 

Computed Tomography. 
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INTRODUÇÃO E REVISÃO DE LITERATURA 

Ausências dentárias são uma condição prevalente no mundo e tanto o 

edentulismo total quanto as perdas dentais unitárias merecem atenção e tratamento 

(PERES MA et al., 2019). Especificamente, a perda dos dentes superiores 

posteriores muitas vezes leva à reabsorção óssea e aumento da pneumatização do 

seio maxilar (ZIJDERVELD et al., 2009). Com esta condição clínica, a inserção 

imediata do implante torna-se consequentemente difícil devido à insuficiência do 

volume ósseo na região (PJETURSSON et al., 2008). 

Desse modo, para permitir a inserção do implante, é necessário corrigir 

previamente a atrofia do processo alveolar da maxila. Várias técnicas foram 

descritas para aumentar o volume alveolar, incluindo enxerto interposicional após 

osteotomia de Le Fort I, enxerto ósseo onlay e levantamento de seio maxilar (LSM) 

(CHIAPASCO; ZANIBONI, 2009; MUÑOZ-GUERRA; NAVAL-GÍAS; CAPOTE-

MORENO, 2009; NYSTRÖM et al., 2002; UMANJEC-KORAC et al., 2014). 

A técnica de enxerto interposicional após osteotomia de Le Fort I caracteriza-

se por corrigir a relação interarco, sendo utilizada, assim, em casos com retrusão 

significativa devido à atrofia óssea. Essa técnica, porém, é mais invasiva que o 

enxerto ósseo onlay e levantamento de seio maxilar, o que resulta em maior risco 

cirúrgico para o paciente e tempo de recuperação mais lento (SCHLUND et al., 

2016). 

O levantamento de seio maxilar (LSM), por sua vez, envolve a redução da 

cavidade sinusal, visando à produção de osso dentro de um espaço que 

anteriormente era uma porção do seio maxilar (SANTAGATA et al., 2014).  Ele pode 

ser realizado pela técnica da janela lateral ou com osteótomos de Summer. A 

primeira técnica é um procedimento eficaz para obter altura óssea e facilitar a futura 

colocação do implante em uma maxila posterior atrófica pneumatizada, porém 

possui maior incidência de complicações trans e pós-operatórias, como perfuração 

da membrana sinusal e infecção (CHIAPASCO; ZANIBONI, 2009; JENSEN; 

TERHEYDEN, 2009). Já o LSM utilizando osteótomos de Summers é considerado 

menos invasivo e menos traumático, porém a técnica necessita de uma altura 

mínima do rebordo de 6 mm para ser utilizada (BRÄGGER et al., 2004; TROMBELLI 

et al., 2010). 
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Atualmente, vários tipos de materiais para enxerto podem ser utilizados para 

correção de volume ósseo, tais como: osso autógeno (extraído do próprio paciente); 

osso alogênico (de outros doadores humanos); osso xenogênico (mineral ósseo 

desproteinizado de bovino); e materiais aloplásticos (hidroxiapatita e fosfato beta 

tricálcico) (BROWAEYS; BOUVRY; DE BRUYN, 2007). O osso autógeno é 

considerado o padrão ouro e pode ser colhido a partir de diferentes locais como a 

crista oblíqua mandibular, a sínfise da mandíbula, tuberosidade maxilar, crista ilíaca, 

platô da tíbia e o calvário (SMOLKA et al., 2006). Possui resistência à infecção, 

propriedades osteoindutoras e osteocondutoras e estimula o crescimento ósseo 

local. No entanto, apresenta desvantagens como a disponibilidade limitada, a 

morbidade no local doador, o longo tempo cirúrgico, taxas de reabsorção rápidas e 

imprevisíveis, principalmente para locais doadores extrabucais, como o osso ilíaco; 

que tem a necessidade de anestesia geral e atuação de equipe multi profissional 

(AVILA et al., 2010; ORSINI et al., 2005). 

Em relação aos demais substitutos ósseos, o osso bovino desproteinizado 

(osso xenogênico) apresenta o melhor desempenho biológico, possuindo resultados 

semelhantes aos do osso autógeno, uma vez que sua porosidade associada à 

capacidade osteocondutora permite a integração ao tecido hospedeiro, a 

colonização dos osteoblastos e a neoformação óssea (SCARANO et al., 2006).  

Além disso, suas taxas de reabsorção são consideravelmente menores do que as do 

osso autógeno  (SCHWARTZ et al., 2007). 

Em uma revisão sistemática realizada por Shanbhag, S., Shanbhag, V. e 

Stavropoulos (2014) foi verificado que quando é utilizado somente o osso autógeno 

na forma de partículas ou blocos, podem ocorrer reduções consideráveis de volume 

(média de aproximadamente 45%) ao longo do tempo (6 meses a 2 anos). Já, 

quando são utilizados substitutos ósseos, como minerais ósseos bovinos ou fosfato 

de cálcio bifásico isoladamente ou em combinação com o osso autógeno, as 

reduções médias de volume são de aproximadamente 18% a 23%. 

Independentemente, a reabsorção esperada do enxerto e neoformação óssea não 

parecem comprometer a inserção dos implantes nem sua sobrevida a longo prazo. 

Para avaliar o volume do enxerto e acompanhar a taxa de reabsorção, faz-se 

necessário a utilização de exames por imagem. A taxa de reabsorção pode ser 
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avaliada através de uma radiografia panorâmica. No entanto, exames radiográficos, 

apesar da menor dose de radiação, fornecem apenas uma imagem bidimensional de 

estruturas tridimensionais, comprometendo a avaliação da profundidade tecidual no 

planejamento em Implantodontia. Assim, atualmente, a tomografia computadorizada 

de feixe cônico (TCFC) é a recomendação para planejamento de reabilitações orais 

com implantes osteointegrados e cirurgia de LSM, sendo considerado um método 

essencial para analisar o rebordo ósseo, apresentando a oportunidade de realizar 

não apenas medições lineares, mas também avaliações volumétricas 

(SEDENTEXCT, 2012; JACOBS et al. 2018). Ainda, Bacuit et al. (2012) compararam 

a TCFC com radiografias panorâmicas no planejamento pré-operatório de implantes 

em combinação com procedimentos de enxerto sinusal e verificaram uma taxa de 

detecção maior de sinusitepatias quando utilizada a TCFC. Sendo assim, um 

planejamento cirúrgico utilizando a TCFC resultaria em aumento da confiança 

cirúrgica e menor risco de complicações. 

Desse modo, para monitorar e acompanhar com precisão as alterações no 

volume do enxerto ao longo do tempo é necessário utilizar imagens de tomografia 

computadorizada. Umanjec-Korac et al. (2016) avaliaram a precisão da TCFC na 

medição de alterações no volume de enxerto ósseo autógeno em cadáveres 

humanos. Esse estudo apontou que, em todos os casos, a TCFC superestimou o 

volume do enxerto maxilar em comparação com a Micro-TC, que foi utilizada como 

padrão ouro. No entanto, as diferenças de medida foram limitadas e podem não 

influenciar o desempenho clínico. A literatura aponta a TCFC como um método 

confiável para avaliação óssea, apresentando a oportunidade de realizar não apenas 

medições lineares, mas também avaliações em três dimensões (3D) (MAZZOCO et 

al., 2014). Além disso, possui alta resolução espacial e boa resolução de contraste 

para tecidos duros, permitindo identificação do tecido ósseo e material do enxerto 

(MAZZOCO et al. 2014; UMANJEC-KORAC et al. 2016; PIGNATON et al. 2018).  

Dependendo da qualidade e quantidade do osso residual, os implantes 

podem ser colocados simultaneamente com o enxerto (cirurgia de estágio único) ou 

após um período de cicatrização (protocolo de dois estágios) (BROWAEYS; 

BOUVRY; DE BRUYN, 2007; PJETURSSON et al., 2008). Mazzocco et al. (2014) 

avaliaram a alteração volumétrica de osso bovino anorgânico enxertado nos seios 

maxilares de 18 pacientes. Em 8 pacientes foi realizada a inserção imediata de 
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implantes e em 10 pacientes a inserção tardia, não sendo observada diferença 

estatística nos valores de volume entre os dois grupos. Além disso, apesar de haver 

redução de volume do enxerto, esta não prejudicou a estabilidade dos implantes. Em 

uma revisão sistemática realizada por Shanbhag, S, Shanbhag, V. e Stavropoulos 

(2014) foi apontado que na maioria dos casos, as reduções de volume do enxerto 

não comprometem a taxa de sobrevivência de implantes colocados sob protocolo de 

dois estágios. Nessa revisão, apenas um estudo não controlado relatou colocação 

simultânea de implante. Portanto, ainda não está claro se a colocação simultânea do 

implante contribui para maior perda de volume em comparação com um 

procedimento em dois estágios.  

Outro aspecto importante a ser destacado é que, até então, a TCFC tem sido 

utilizada principalmente para avaliar o volume do enxerto inserido e sua taxa de 

reabsorção. No entanto, alguns autores comentam sobre a necessidade de 

avaliação do volume sinusal (HATANO et al. 2004; BERBERI et al. 2014; KIRMEIER 

et al 2018), ainda pouco explorado. 

O crescente uso da TCFC na prática odontológica, somado a sua capacidade 

de avaliar volume a partir da utilização de softwares específicos, tem potencial para 

contribuir com o diagnóstico e o planejamento das reabilitações com enxerto ósseo 

após LSM e implantes dentários. Assim, é de interesse investigar o comportamento 

da estabilidade e manutenção dos enxertos ósseos sinusais após a instalação dos 

implantes. Neste sentido, o objetivo deste estudo retrospectivo foi avaliar, em 

imagens de TCFC, as alterações volumétricas no rebordo alveolar e no seio maxilar 

após a realização da cirurgia de LSM, enxerto ósseo e instalação de implantes 

dentários, correlacionando os dados volumétricos com variáveis clínicas e 

demográficas dos pacientes. 
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2  ARTIGO 

  

Esta dissertação está apresentada em formato de artigo científico, conforme 

periódico Clinical Oral Implants Research - ISSN 1600-0501 (Anexo B). 

 

  



14 
 

ALVEOLAR AND MAXILLARY SINUS VOLUMETRIC QUANTIFICATION AFTER SINUS 

LIFT, BONE GRAFT, AND IMPLANT PLACEMENT USING CBCT 

 

Eduardo de Oliveira1 

Gleica Dal’Olgaro Savegnago2 

Flávio Monteiro Silva3 

Gabriela Salatino Liedke4 

 

1 Dental Sciences Post-Graduation Program, Federal University of Santa Maria, 

Santa Maria, Brazil. Orcid: 0000-0003-1293-2991; eo15-sm@hotmail.com  

2 Dental Sciences Post-Graduation Program, Federal University of Santa Maria, 
Santa Maria, Brazil. Orcid: 0000-0002-5972-0876; gleicasavegnago@yahoo.com.br  

3 Mestre e Especialista em Cirurgia Buco Maxilo Facial – UFPEL. Orcid: 0000-0002-
8015-4805; buco.monteiro@uol.com.br 

4 Adjunct Professor, Section of Oral Radiology, Department of Stomatology, Federal 
University of Santa Maria, Santa Maria, Brazil. Orcid: 0000-0002-0967-9617; 
gabriela.liedke@ufsm.br  

 

 

Corresponding Author 

Gabriela Salatino Liedke 

Oral Radiology – Department of Stomatology – Santa Maria Federal University 

Av. Roraima nº 1000, 26F-2111, 97105-900, Santa Maria-RS, Brazil. 

Phone: +55-55-3220-9270  // +55-51-98174624 

E-mail: gabriela.liedke@ufsm.br 

 

 

  

mailto:eo15-sm@hotmail.com
mailto:gleicasavegnago@yahoo.com.br
mailto:buco.monteiro@uol.com.br
mailto:gabriela.liedke@ufsm.br


15 
 

ABSTRACT 

 

Objective: To quantify in cone-beam computed tomography (CBCT) images, the volumetric 

changes in the alveolar ridge and the maxillary sinus after sinus lift (SL), inorganic bovine 

graft, and implant placement. 

Methodology: A retrospective analysis of 16 maxillary sinuses from 12 was conducted. 

CBCT exams were performed three times: evaluation of the residual ridge (T0), evaluation of 

the graft after SL before implant surgical planning (T1), and evaluation after implant healing 

(T2). DICOM images were used to calculate alveolar ridge and maxillary sinus volumes by 

two calibrated examiners (ICC > 0.9) using ITK-SNAP software. The volume measured at 

each time point was compared using ANOVA test. Clinical and demographic variables were 

collected from patients’ records, and the percentage of bone gain and resorption were 

compared using t-test. The significance level considered was P < 0.05.  

Results: Bone volume showed a significant increase after SL (T1) and also a significant 

resorption (T2); sinus volume showed a significant decrease after SL (T1) but no re-

pneumatization over time (T2). Sites with volumetric variation at T1 greater than 200% had 

lower longitudinal resorption at T2 (p=0.036). Clinical and demographic variables had no 

association with bone gain nor resorption (p > 0.05).  

Conclusion: The present study found an average increase of 200% in the alveolar ridge 

volume after SL and an average resorption of 11% over four years, after implant placement, 

concentrated in the cervical region of the implants. Bone gain and graft resorption volume 

were not associated with clinical or demographic variables of the patients. 

 

Keywords: Bone Grafting. Dental Implant. Cone-Beam Computed Tomography. Maxillary 

sinus lift. 
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INTRODUCTION 

Tooth loss is a prevalent condition in the world and either the total edentulism or unitary 

losses need attention and treatment (Peres et al., 2019).  Specifically, the loss of upper 

posterior teeth often leads to bone resorption and increased pneumatization of the maxillary 

sinus (Zijderveld et al., 2009). With this clinical condition, implant placement becomes difficult 

due to insufficient bone high in the region (Pjetursson et al., 2008). Therefore, to allow 

patient rehabilitation with dental implants, it is necessary to correct previously the atrophy of 

the maxillary alveolar process. Several techniques (Le Fort I osteotomy, onlay bone graft, 

and maxillary sinus lift) with the use of diverse types of graft materials (autogenous bone, 

allogeneic bone, xenogenic bone, and alloplastic materials) are available for alveolar volume 

correction (Nyström et al., 2002; Pignaton et al., 2019). 

Patient's diagnosis and planning for sinus lift (SL) and bone graft include clinical and 

imaging evaluations. In fact, imaging exams have a role for evaluation of the residual ridge 

and the volume of bone graft needed, as well as for monitoring the graft resorption rate and 

subsequent implant planning, and the longitudinal implant stability after osseointegration. 

Radiographic exams, despite the lower radiation dose, provide only a two-dimensional 

assessment of three-dimensional structures, compromising the evaluation of the tissue width 

in Implantology. Therefore, currently, cone-beam computed tomography (CBCT) is the exam 

of choice for the oral rehabilitation planning with osseointegrated dental implants and 

maxillary SL surgery. CBCT allows the opportunity to perform high and width linear 

measurements, as well as volumetric quantification of the alveolar ridge and the maxillary 

sinus (Sedentexct guidelines, 2012; Jacobs et al., 2018). In addition, it has high spatial 

resolution and a good contrast resolution for hard tissues, allowing the identification of bone 

tissue and graft material (Pignaton, et al., 2019; Mazzocco, et al., 2014; Umanjec-Korac et 

al., 2016). 

In a systematic review, Shanbhag et al. (2014) determined that, when only autogenous 

bone is used, considerable volume reductions might occur (approximately 45%) over time (6 

months to 2 years); on the other hand, when bone substitutes are used, such as inorganic 

bovine bone, the volume resorption average is between 18% and 23%. Every SL surgery 

demands the resorption of the bone graft used and the consequent individual bone 

neoformation. Thus, histologically, in graft areas, it is possible to observe, besides the 

remaining bone ridge, newly formed bone tissue, grafted material (inorganic), and soft tissue 

(Pignaton, et al., 2019), which, on imaging exams, are visualized as a single region. 

Nevertheless, the expected graft resorption and the bone neoformation do not seem to 

compromise implant insertion or its long-term survival (Shanbhag et al., 2014). 
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Another important aspect to be highlighted is that, previously, CBCT has been used 

mainly to assess the volume of the inserted sinus graft and its resorption rate. However, 

some authors comment on the need to assess the sinus volume  (Hatano et al., 2004; 

Kirmeier et al., 2008), still little explored. The growing use of CBCT in dental practice, 

combined to its ability to assess volume when dedicated software are used, has the potential 

to contribute to the diagnosis, planning, monitoring, and understanding of oral rehabilitations 

with SL and dental implants. In this manner, it is of interest to investigate the stability 

behavior and maintenance of bone grafts after implant placement. 

In this sense, the purpose of this retrospective study was to evaluate, in CBCT images, 

the volumetric changes in the alveolar ridge and maxillary sinus after SL surgery, inorganic 

bone grafting, and implant placement, correlating the volumetric data with clinical and 

demographic variables of the patients. 

 

 

METHODOLOGY 

Ethical aspects 

The research protocol of this study was approved by the Research Ethics Committee of 

the General Hospital of Santa Maria (HGSM) and of the Federal University of Santa Maria 

School of Dentistry (protocol number CAAE44943321.3.0000.5346) and it is in accordance 

with the World Medical Association Declaration of Helsinki. 

 

Study Design and Sample 

A retrospective study was carried out with all CBCT images from patients submitted to 

SL surgery, inorganic bone grafting, and late implant placement between 2015 and 2021. 

The exams were requested for diagnosis, planning, and monitoring of bone grafting and 

dental implant procedures and were stored at the Dental Radiology sector of the HGSM. 

Clinical and demographic data were collected from the patients’ dental records. 

CBCT images with acquisition errors, which did not present the entire graft region, or 

whose patient did not have all the stages evolved in the medical record registered in the 

HGSM files were excluded. 
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CBCT acquisitions 

All CBCT exams were performed on the Orthopantomograph OP300 equipment 

(Instrumentarium Dental, Tuusula, Finland). The patient's positioning followed the 

manufacturer's recommendations: patient with median sagittal plane perpendicular to the 

ground and teeth occlusal plane parallel to the ground, aligned in the region of interest 

(posterior maxilla). The acquisition parameters used were 3.24 mAs, 110 kVp, 20 s, 6 x 8 cm 

acquired region, and 0.2 mm voxel. The same acquisition protocol was used in all clinical 

evaluation stages.  

Three CBCT scans were analyzed for each selected case: diagnosis and surgical 

planning of SL and graft (T0), evaluation of the graft after SL, and surgical planning of the 

dental implant (T1), and longitudinal evaluation of the dental implant (T2). 

 

Surgical Procedures 

All surgical procedures were performed by the same professional, specialist in 

Implantology, after careful physical, clinical, and imaging evaluation of the patient. All 

patients presented a residual bone height < 5 mm (evaluated in the cross‐sectional image 

from CBCT).  

SL was performed using the side window technique. Under local anesthesia, a full‐

thickness incision and flap was performed to expose the buccal cortex of the maxillary sinus. 

An oval shaped window was created with a straight piece and a #6 round‐shaped diamond 

bur with abundant irrigation using 0.9% saline solution. The sinus membrane was exposed 

and gently dissected with curettes (Neodent, Curitiba, Brazil). The buccal bone was then 

displaced to medial and superior, elevating the floor of the maxillary sinus. The space 

created was filled exclusively using inorganic bone graft (Bio-oss; Geistlich, Wolhusen, 

Switzerland), in quantity enough to reach a height of 10 to 12 mm, aiming the latter 

placement of a 10 mm implant, with its apex completely covered by grafting material. A 

collagen membrane (Bio-Gide; Geistlich, Wolhusen, Switzerland) was placed over the buccal 

window to prevent graft migration and soft tissue invasion. The soft‐tissue flap was replaced 

with tension‐free sutures (Nylon 4-0). The suture was removed in 14 days. Patients were 

prescribed Amoxicillin (875 mg), twice a day, 3 days before surgery and 4 days after the 

surgery, Flancox (400 mg), twice a day, for 5 days, Dipyrone (1g), up to 4 times a day, and 

told to rinse with chlorhexidine 0.12% twice a day for 1 week. 
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After the healing process, and a second CBCT examination (T1), Cone Morse or Gran 

Morse dental implants, all conical (Neodent, Curitiba, Brazil) were inserted in the grafted 

region. The sequence of drilling and torque for implant placement followed the protocol as 

recommended by the manufacturer. The implants were left unloaded and covered by soft 

tissues (with no immediate functional load). Suture was performed (Nylon 4-0). Patients were 

prescribed Amoxicillin (2g) one hour before surgery, Flancox (400 mg), twice a day, for 5 

days, Dipyrone (1g), up to 4 times a day, and told to rinse with chlorhexidine 0.12% twice a 

day for 1 week.  

Prosthetic rehabilitation was conducted after a minimum period of implant 

osseointegration of six months. The success of the procedure (absence of mobility, absence 

of symptoms and absence of a radiolucent line between the implant and the bone tissue) 

was verified by clinical and CBCT evaluation (T2). 

 

CBCT Volumetric Evaluation 

All CBCT images (T0, T1, and T2) were exported in DICOM format and evaluated by 

two trained and calibrated examiners using ITK-SNAP software (University of Pennsylvania, 

Philadelphia, PA, USA). The training consisted of a meeting to define concepts and anatomic 

landmarks. Calibration consisted of the evaluation of nine exams, twice, with a seven-day 

interval. The intra- and inter-examiner agreement, according to the Intraclass Correlation 

Index (ICI), was greater than 0.9.  

The methodology for evaluating the volume was as described: first, the area of interest, 

comprising the rehabilitated region and 20 mm from the crest of the bone ridge to the interior 

of the maxillary sinus, was delimited in the sagittal plane. The sagittal plane was used for the 

mesiodistal delimitation of the interest area and the axial plane for the buccolingual 

delimitation (Figure 1). After delimitation, the region was segmented from the total volume to 

calculate the volume (in mm3). The measurement of the maxillary sinus was performed with a 

semi-automatic tool, with manual refinement. Hard tissues measurement was performed with 

the manual segmentation tool. At T0, only the residual ridge was present for segmentation 

(Figure 2a); at T1, the bone ridge and the graft material were segmented (Figure 2b); finally, 

at T2, the bone ridge, the graft material, and the implant, when inserted into the bone tissue, 

were included in the segmentation (Figure 2c).  

The axial, coronal, and sagittal planes were adjusted and aligned based on the center 

of the implant long axis, assuring all three evaluated images would present the same region. 
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The 'zoom' and 'brightness-contrast' tools were available to permit better identification of 

structures and demarcation of the cavities. 

 

Clinical and demographic data 

Clinical and demographic variables were collected from the patients' dental records. 

Demographic data included gender (female and male) and age (collected in years). Clinical 

data included systemic impairment (including smoking), history of periodontal disease, and 

presence of prosthetic rehabilitation in the implant. The dates when the graft, implant, and 

prosthesis procedures were performed were also registered, allowing the time elapsed 

evaluation since the treatments were carried out. The follow-up time was the time between 

the SL graft and the T2 CBCT scan, indicating the longitudinal follow-up of the patient. The 

prosthetic time, calculated only for those patients who had already experienced prosthetic 

rehabilitation and indicating the time that the implant was under functional loading, was 

calculated between the prosthesis installation and the T2 CBCT scan. 

 

Data analysis 

Statistical evaluation was performed using Microsoft Office Excel (Microsoft Corp, 

Redmond, WA, USA) and SPSS (SPSS Inc., Chicago, IL, USA) programs.  Statistical 

significance was set at 5% (p < 0.05). 

The primary outcome evaluated was bone and maxillary sinus volume calculated at T0, 

T1, and T2. After normality evaluation (Kolmogorov–Smirnov), the groups were compared 

using repeated measures ANOVA followed by Bonferroni post‐test.  

Percentages of bone gain and resorption were calculated and compared between each 

clinical and demographic variable collected, using the t-test for independent samples. The 

mean variations of bone gain at T1 and of bone resorption at T2 were used as a cutoff point 

for dichotomizing these variables, and their association was verified using the chi-square 

test. 
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Figure 1. Area of interest defined in the sagittal (a), axial (b), and coronal (c) planes in an 

initial tomography (T0).  

 

 

 

 

 

 

 

 

 

Figure 2. Sagittal sections (a-c) and volumetric segmentations of the maxillary sinus region 

(in red) and ridge (in green) at times T0 (a/d), T1 (b/e), and T2 (c/f). 
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RESULTS 

 

Bone and sinus volume of 16 maxillary sinuses of 12 patients were evaluated. Clinical, 

tomographic, and demographic data are presented in Table 1. All dental graft and implant 

procedures were successful. Seven out of 16 implants installed were rehabilitated with dental 

prosthesis and submitted to functional loading. 

 

Table 1. Demographic, clinical and tomographic information of the sample. 

Variable N (%) Avarage (Min-Max) 

Demographic and clinical variables (N= 12)   

Gender 
Female 
Male 

 
6 (50%) 
6 (50%) 

 

Age (years)  55.8 (49 – 67) 

Systemic impairment  
     Absent 

Present 

 
8 (66.7%) 
4 (33.3%) 

 

Periodontal disease 
Absent  
Present 

 
9 (75%) 
3 (25%) 

 

Dental prosthesis (n = 16) 
Absent  
Present 

 
9 (56.3%) 
7 (43.8%) 

 

Tomographic variables (n = 16)   

Bone Volume (mm3) 
T0 
T1 
T2 

 
 

 
457.53 (104.1 – 1232) 
1134.84 (546.7 – 2381) 
1032.39 (433 – 2137) 

Sinus volume (mm3) 
T0 
T1 
T2 

  
1639.57 (460.2 – 3218) 
1080.9 (208 – 1907) 
1126.18 (380 – 1847) 

   
Bone gain at (mm3)  684 (298.4 – 1751.7) 

Bone gain at (%)  201.51 (50.57– 458.54) 

Bone resorption at T2 (mm3)  122 (9.5 – 319) 

Bone resorption at T2 (%)  11.74 (1.03 – 21.30) 

Follow-up (months)  29.37 (7 – 60) 

Prosthetic time (months) (n=7)  21.14 (3 – 43) 

N, number of patients; n, number of grafts. T0, CBCT for diagnosis and surgical planning of SL graft; 

T1, CBCT for graft evaluation after SL and dental implant surgical planning; T2, CBCT for longitudinal 

evaluation of the dental implant. 
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Bone and sinus volumes are shown in Table 2. The bone ridge has shown a significant 

increase after SL and inorganic bone graft (T1), with also significant bone resorption (T2). 

Regarding sinus volume variation, a significant reduction was observed after SL (T1) but no 

re-pneumatization over time (T2). 

 

Table 2. Comparison of the mean volume (mm3) of the ridge and the maxillary sinus for each 

evaluated time (intra-group comparison). 

Variable 
Volume 

P value 
T0 T1 T2 

Bone Volume 457.53 A 1134.84 B 1032.39 C 0.000 
Sinus Volume 1639.57 A 1080.90B 1126.18B  0.000 

T0, CBCT for diagnosis and surgical planning of SL graft; T1, CBCT for graft evaluation after SL and 

dental implant surgical planning; T2, CBCT for longitudinal evaluation of the dental implant; P value, 

repeated measures ANOVA followed by Bonferroni post-test; different letters indicate statistical 

difference between the groups. 

 

Table 3 indicates the result of the association between the gain (T1) and the resorption 

(T2) of the bone graft volume. Sites that showed a volumetric variation at T1 greater than 

200% had lower longitudinal resorption (p=0.036). 

 

Table 3: Association between the volumetric variation percentage observed on bone 

graft at T1 and T2 (n = 16). 

 
% Resorption (T1-T2) 

> 11 < 11 

% Bone gain (T1-T0)   
> 200 1 6 
< 200 6 3 

P value 0.036 

T0, CBCT for diagnosis and surgical planning of SL graft; T1, CBCT for graft evaluation after SL and 

dental implant surgical planning; T2, CBCT for longitudinal evaluation of the dental implant; P value, 

chi-square test. 

 

Table 4 indicates that the means of bone gain or resorption between the clinical and 

demographic variables evaluated did not present statistical differences (p > 0.05). Although 

implants submitted to functional load had a mean resorption in the graft volume of 15.4% and 

those not submitted had a resorption of 8.9%, the difference between groups was not 

statistically significant (p = 0.067). 
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Table 4. Variation in bone gain (T1) and bone resorption (T2) considering clinical and 

demographic variables. 

Variable 
Bone gain (%) 
(T1-T0) 

 
P  

Bone resorption (%)  
(T1-T2) 

 
P 

Gender 
Female 
Male 

 
156.50 
246.52 

 
0.20 

 
10.37 
13.11 

 
0.46 

Age 
      < 56 years old 
      > 56 years old 

 
198.66 
210.07 

 
0.89 

 
10.28 
16.12 

 
0.16 

Systemic impairment  
Absent 
Present 

 
212.06 
178.29 

 
0.66 

 
10.42 
14.65 

 
0.28 

Periodontal disease 
Absent 
Present 

 
179.11 
268.72 

 
0.27 

 
10.18 
16.43 

 
0.13 

Dental prosthesis  
Absent 
Present 

   
8.90 
15.39 

 
0.067 

Follow-up 
      < 29 months 
      > 29 months 

 
 
 

  
10.09 
14.49 

 
0.24 

P value, t test for independent samples. 

 

DISCUSSION 

Implantology aims to rehabilitate the patient, restoring function and esthetics and 

providing a better quality of life. Tooth loss inevitably leads to alveolar bone resorption, which 

in the case of upper posterior teeth is accompanied by pneumatization of the maxillary sinus 

floor (Zijderveld, et al., 2009; Jensen & Terheyden, 2009), hindering implant placement and 

leading to the need for bone grafts (Pjetursson et al., 2008). The longitudinal evaluation of 

the behavior and maintenance of these bone grafts after implant placement and prosthetic 

rehabilitation is fundamental. Hence, this retrospective study evaluated the volumetric 

changes of the grafted areas after SL surgery, since the bone volume stability represents a 

fundamental factor for the stability and, consequently, longevity of implants. 

Bone graft surgeries resulted in a mean increase of 200% (± 137) in alveolar ridge 

volume. As expected, studies with similar methodologies also have found bone recovery 

allowing the rehabilitation of patients with integrated bone dental implants, but the majority 

did not quantify the bone gain. After a follow-up period of 21 months, a mean resorption of 

11% (± 7) of the initially achieved volume was observed. In addition, sites with a volumetric 

variation greater than 200% after bone grafting (T1) had less longitudinal resorption at T2, 
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suggesting that the residual ridge volume quantification might be an important measure for 

planning the graft material needed.  

Studies report bone resorption ranging from 6.3% to 39.20% after 4 to 48 months after 

SL surgery (Umanjec-Korac et al., 2014; Mazzocco et al., 2014; Berberi et al., 2015; Kirmeier 

et al., 2008; Jensen et al., 2009; Sbordone et al., 2013; Santagata et al., 2014). The values 

reported in the literature are higher than the 11% found in this study, since previous studies 

considered the total volume of the graft in the comparison. On the other hand, this research 

evaluated longitudinal resorption having the starting point the volume available for implant 

planning. Klein et al., unlike previous studies, have observed a 9.1% gain in bone volume 

when compared to the volume immediately after SL and eight months of follow-up. 

In this study, bone augmentation was performed using the lateral window surgical 

technique, inorganic bone graft, and late implant insertion, since the available alveolar 

remnant was less than 5 mm in height. Despite the observation of longitudinal bone 

resorption and reduction in bone volume at T2, no implant was lost, and all prostheses 

remained in function during the follow-up period of this study (3 to 43 months). Although 

related to greater bone resorption adjacent to the cervical margin of the implants, the 

presence of prosthetic rehabilitation did not show any statistical difference with the non-

rehabilitated group. 

Aspects such as the choice of the SL technique, the graft material used, and the 

moment of the implant insertion may be related to the extent of implant marginal resorption 

and of the graft itself. Sbordone et al. (2011), compared immediate and late implant insertion 

performed with bovine graft or autologous bone and verified that the late implant group had 

greater marginal cervical resorption to the implants, regardless of the graft type. However, 

Mazzocco et al. (2014) found no difference in graft volume due to the installation of 

immediate or late implants. Regarding the type of graft used, Sbordone et al. (2013), verified 

less resorption for the block graft compared to the particulate grafts in a six-year follow-up. In 

contrast, the data obtained from both studies suggest that the remodeling observed during 

long-term follow-up does not appear to affect the implant survival rate. 

Pneumatization of the sinus floor after tooth loss is a known phenomenon, but the re-

pneumatization after SL must still be studied (Hatano et al., 2004; Kirmeier et al., 2008). 

Thus, in addition to bone volume evaluation, the corresponding volume of the maxillary sinus 

was also calculated and compared in the three experimental times. There was a reduction in 

the volume of the maxillary sinus after grafting (T1), as expected, and maintenance of its 

volume over time (T2). Only one research also assessed the volume of the maxillary sinus, 

verifying a reduction in sinus volume. This reduction in sinus volume, reported by Berberi et 
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al. (2015), may be explained by the more apical dental implant placement, occupying an area 

initially without graft. In the current study, all implants were placed inside the graft material, 

and thus the maintenance in sinus volume at T1 and T2 suggests that bone resorption 

occurred in the residual ridge, adjacent to the implants’ platform. Bone resorption adjacent to 

implants after functional load are common (Kim et al., 2009; Natto et al., 2019) and, although 

normally evaluated on radiographs with linear measurements, it is expected that the 

volumetric evaluation also demonstrate the marginal bone resorption to the implants and, 

consequently, the decrease in bone volume. This finding reinforces the importance of a good 

peri-implant tissue health maintenance for the longevity of implant rehabilitations. 

Patients’ clinical and demographic characteristics influence the success of the 

treatment and maintenance of bone volume acquired after grafting and its longitudinal 

maintenance (Sbordone et al., 2013; Klijn et al., 2012). However, in this study, none of the 

collected variables (gender, age, systemic involvement, or history of periodontal disease) 

showed association with the outcomes studied at T1 (increase in bone volume after grafting) 

nor at T2 (resorption of bone volume after implant placement and dental prosthesis). 

Nevertheless, the heterogeneity of the sample and its reduced size may have weaken this 

analysis. 

This study used a convenience sample collected from a clinical dental center with a 

continuous patient flow. Hence, although the same professional has performed all surgical 

and prosthetic procedures, it was not possible to manage other variables, such as the time 

taken to implant placement or to prosthetic rehabilitation, as verified in other studies (Berberi 

et al., 2015; Sbordone et al. 2013; Klein et al., 2016; Sbordone et al., 2011; Klijn et al., 2012). 

Furthermore, in this study, the CBCT scan was not performed immediately after the bone 

graft, since in a real clinical setting it is necessary to know the condition of the alveolar ridge 

at the time of the implant placement, which only occurs after the graft healing period. Another 

disadvantage inherent at this and other studies that measured bone graft adjacent to dental 

implants is the presence of metal artifacts in the tomographic image (Schulze et al., 2011), 

that can jeopardize the delimitation of structures. 

CBCT is an accurate method for volumetric assessment (Umanjec-Korac et al. 2016), 

and it has been used by several studies as a promising approach to quantify changes over 

time in regions recovered after SL (Mazzocco et al., 2014; Berberi et al. 2015; Kirmeier et al., 

2008; Klein et al., 2016; Sbordone et al., 2011). ITK-SNAP (Yushkevich et al., 2006) software 

used in this study is a measurement tool allowing semi-automatic and manual segmentation 

of the region of interest. Considering that CBCT equipment does not use Hounsfield unit to 

measure density (Pauwels et al., 2015), semi-automatic segmentation cannot always be 
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accurately used for low contrast regions. Thus, for the segmentation of the alveolar ridge and 

the grafted area, the manual segmentation was used, having the sagittal plane as reference. 

Manual segmentation requires freehand drawings, which can be sensitive to the examiner's 

analysis. To minimize this bias, the same examiner evaluated the three exams of each 

patient in sequence. In addition, training and calibration process, with high intra- and inter-

examiner reproducibility (ICC > 0.9), was verified. For the maxillary sinus segmentation, 

considering its high contrast with the adjacent tissues, semi-automatic segmentation was 

used. 

Studies indicate the importance of longitudinal follow-up of implants placed in bone 

graft areas, as well as they have been trying to understand the resorption pattern of this graft 

for better patient treatment. The pattern of volumetric change between bone graft and 

maxillary sinus present by this study suggests that the observed longitudinal resorption 

occurs at the implant crest level, since the volume of the maxillary sinus remained constant. 

Moreover, patients’ clinical and demographic variables did not influence the volume 

variations observed in bone grafts, even though this results should be carefully interpreted 

considering the limited sample size, and other studies are recommended for a better 

understanding of these associations. 

 

CONCLUSION  

The present study obtained an average increase of 200% in the alveolar ridge after 

SL surgery and an average resorption of 11% of its volume over four years after implant 

placement, concentrated in the cervical region of the implants. Within the limits of a 

retrospective evaluation, it was verified that bone gain and maintenance of the graft volume 

were not associated with patients’ clinical or demographic variables. 
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3  CONSIDERAÇÕES FINAIS  

 

A literatura mostra a importância do acompanhamento longitudinal dos 

implantes dentários realizados em regiões de enxerto ósseo e LSM. Estudos 

realizados com radiografias e tomografias vêm tentando conhecer o padrão de 

reabsorção do enxerto para melhor tratamento dos pacientes. O uso da TCFC, 

juntamente com o aplicativo ITK-SNAP, forneceu uma combinação de ferramentas 

manuais e semiautomáticas que permitiu avaliar volumétricamente a região de 

interesse e extrair informações relevantes para colaborar com o entendimento 

disponível sobre o tema. 

Através dos resultados deste estudo podemos observar que: 

- A correção da pneumatização do seio maxilar com LSM e enxerto ósseo bovino foi 

satisfatória para permitir a inserção e a manutenção dos implantes dentários, sem 

evidências de qualquer associação negativa entre a reabsorção do volume do 

enxerto com as taxas de sobrevivência dos implantes inseridos tardiamente ao 

enxerto (cirurgia de dois estágios), conduzindo o procedimento a um sucesso clínico 

de longo prazo. 

- O volume enxertado durante o LSM acima de 200% demostrou ser clinicamente 

benéfico para compensar a redução de volume, pois esses locais apresentaram uma 

menor reabsorção longitudinal (p=0,036). 

- O padrão volumétrico entre região enxertada e seio maxilar sugere que a 

reabsorção longitudinal do enxerto ósseo concentra-se na região cervical dos 

implantes. Este achado reforça a importância da higiene e manutenção da saúde 

dos tecidos peri-implantares para a longevidade da reabilitação com implantes. 

- Apesar dos implantes submetidos à carga funcional terem apresentado uma 

reabsorção média superior aos implantes sem carga, esta diferença não foi 

estatisticamente significativa. (p =0,067). 

- Ficou demostrado também que variáveis clínicas ou demográficas dos pacientes 

parecem não influenciar com o ganho ósseo e a reabsorção do volume enxertado. 
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and Ethical Considerations section for details on author listing eligibility; 
vii. Abstract, MeSH term keywords and word count; 
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viii. Main text; 
ix. References; 
x. Tables (each table complete with title and footnotes); 
xi. Figure legends; 
xii. Appendices (if relevant). 

Figures and supporting information should be supplied as separate files. 

 

Authorship 

Please refer to the journal’s authorship policy the Editorial Policies and Ethical Considerations section for 
details on eligibility for author listing. 
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Abstract 

Abstracts should not to exceed 250 words. This should be structured into: objectives, material and methods, 
results, conclusions, and no other information. Trade/product names must not be included in the abstract. 

Keywords 

Please provide 3-8 keywords. Keywords should be taken from those recommended by the US National Library of 
Medicine's Medical Subject Headings (MeSH) browser list at www.nlm.nih.gov/mesh. 

Main Text of Original Research Articles  

The main text should include Introduction, Material and Methods, Results and Discussion.  

 Introduction: Summarise the rationale and purpose of the study, giving only strictly pertinent 
references. Do not review existing literature extensively. State clearly the working hypothesis. 

 Material and Methods: Material and methods should be presented in sufficient detail to allow 
confirmation of the observations. Published methods should be referenced and discussed only briefly, 
unless modifications have been made. Indicate the statistical methods used, if applicable. 
Clinical trial registration number and name of the trial register should be included in the Materials and 
Methods at the submission stage. 
Authors who have completed the ARRIVE guidelines, STROBE or CONSORT checklist should include 
as the last sentence in the Methods section a sentence stating compliance with the appropriate 
guidelines/checklist. 

 Results: Present your results in a logical sequence in the text, tables, and illustrations. Do not repeat in 
the text all data in the tables and illustrations. The important observations should be emphasised. 

 Discussion: Summarise the findings without repeating in detail the data given in the Results section. 
Relate your observations to other relevant studies and point out the implications of the findings and their 
limitations. Cite other relevant studies. 

 
Main Text of Short Communications 

Short communications are limited to two printed pages including illustrations and references and need not follow 
the usual division into material and methods, etc., but should have an abstract. 

References 

APA – American Psychological Association 

References should be prepared according to the Publication Manual of the American Psychological Association 
(6th edition). This means in text citations should follow the author-date method whereby the author's last name 
and the year of publication for the source should appear in the text, for example, (Jones, 1998). The complete 
reference list should appear alphabetically by name at the end of the paper. 

A sample of the most common entries in reference lists appears below. Please note that a DOI should be 
provided for all references where available. For more information about APA referencing style, please refer to 
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the APA FAQ. Please note that for journal articles, issue numbers are not included unless each issue in the 
volume begins with page one. 

Journal article 

Beers, S. R. , & De Bellis, M. D. (2002). Neuropsychological function in children with maltreatment-related 
posttraumatic stress disorder. The American Journal of Psychiatry, 159, 483–486. 
doi:10.1176/appi.ajp.159.3.483 

Book edition 

Bradley-Johnson, S. (1994). Psychoeducational assessment of students who are visually impaired or blind: 
Infancy through high school (2nd ed.). Austin, TX: Pro-ed. 

Internet Document 

Norton, R. (2006, November 4). How to train a cat to operate a light switch [Video file]. Retrieved 
from http://www.youtube.com/watch?v=Vja83KLQXZs 

In-text citations 

If your source has two authors, always include both names in each in-text citation. 

If your source has three, four, or five authors, include all names in the first in-text citation along with the date. In 
the following in text citations, only include the first author’s name and follow it with et al. 

Example: 

1st in-text citation: (Gilley, Johnson, Witchell, 2015) 

2nd and any other subsequent citations: (Gilley, et al.) 

If your source has six or more authors, only include the first author’s name in the first citation and follow it with et 
al. Include the year the source was published and the page numbers (if it is a direct quote). 

Example: 

1st in-text citation: (Jasper, et al., 2017) 

2nd and any other subsequent citations: (Jasper, et al., 2017) 

Tables 

Tables should be self-contained and complement, not duplicate, information contained in the text. They should be 
supplied as editable files, not pasted as images. Legends should be concise but comprehensive – the table, 
legend, and footnotes must be understandable without reference to the text. All abbreviations must be defined in 
footnotes. Footnote symbols: †, ‡, §, ¶, should be used (in that order) and *, **, *** should be reserved for P-
values. Statistical measures such as SD or SEM should be identified in the headings. 

Figure Legends 

Legends should be concise but comprehensive – the figure and its legend must be understandable without 
reference to the text. Include definitions of any symbols used and define/explain all abbreviations and units of 
measurement. 

Figures 

All figures should clarify the text and their number should be kept to a minimum. Details must be large enough to 
retain their clarity after reduction in size. Micrographs should be designed to be reproduced without reduction, and 
they should be dressed directly on the micrograph with a linear size scale, arrows, and other designators as 
needed. Each figure should have a legend. 

Although authors are encouraged to send the highest-quality figures possible, for peer-review purposes, a wide 
variety of formats, sizes, and resolutions are accepted. 

Click here for the basic figure requirements for figures submitted with manuscripts for initial peer review, as well 
as the more detailed post-acceptance figure requirements. 

 
Color Figures. Figures submitted in color may be reproduced in colour online free of charge. Please note, 
however, that it is preferable that line figures (e.g. graphs and charts) are supplied in black and white so that they 
are legible if printed by a reader in black and white. 

Data Citation 

Please review Wiley’s data citation policy here. 

Reproduction of Copyright Material 

If excerpts from copyrighted works owned by third parties are included, credit must be shown in the contribution. It 
is the author’s responsibility to also obtain written permission for reproduction from the copyright owners. For 
more information visit Wiley’s Copyright Terms & Conditions FAQ at http://exchanges.wiley.com/authors/faqs--
-copyright-terms--conditions_301.html 

 
Additional Files 
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Appendices 

Appendices will be published after the references. For submission they should be supplied as separate files but 
referred to in the text. 

Supporting Information 

Supporting information is information that is not essential to the article, but provides greater depth and 
background. It is hosted online and appears without editing or typesetting. It may include tables, figures, videos, 
datasets, etc. 

Click here for Wiley’s FAQs on supporting information. 

Note: if data, scripts, or other artefacts used to generate the analyses presented in the paper are available via a 
publicly available data repository, authors should include a reference to the location of the material within their 
paper. 

General Style Points 

The following points provide general advice on formatting and style. 

 Abbreviations: In general, terms should not be abbreviated unless they are used repeatedly and the 
abbreviation is helpful to the reader. Initially, use the word in full, followed by the abbreviation in 
parentheses. Thereafter use the abbreviation only. Use only standard abbreviations. In cases of doubt, 
the spelling orthodoxy of Webster's third new international dictionary will be adhered to. Avoid 
abbreviations in the title. 

 Symbols: The symbol % is to be used for percent, h for hour, min for minute, and s for second. In vitro, 
in vivo, in situ and other Latin expressions are to be italicised. 

 Units of measurement: Measurements should be given in SI or SI-derived units. Visit the Bureau 
International des Poids et Mesures (BIPM) website for more information about SI units. 

 Numbers: numbers under 10 are spelt out, except for: measurements with a unit (8mmol/l); age (6 
weeks old), or lists with other numbers (11 dogs, 9 cats, 4 gerbils). Use no roman numerals in the text. 

 Decimals: In decimals, a decimal point and not a comma will be used. 

 Scientific Names: Proper names of bacteria should be binomial and should be singly underlined on the 
typescript. The full proper name (e.g., Streptococcus sanguis) must be given upon first mention. The 
generic name may be abbreviated thereafter with the first letter of the genus (e.g., S. sanguis). If 
abbreviation of the generic name could cause confusion, the full name should be used. If the vernacular 
form of a genus name (e.g., streptococci) is used, the first letter of the vernacular name is not capitalised 
and the name is not underlined. Use of two letters of the genus (e.g., Ps. for Peptostreptococcus) is 
incorrect, even though it might avoid ambiguity. 

 Trade Names: Chemical substances should be referred to by the generic name only. Trade names 
should not be used. Drugs should be referred to by their generic names. If proprietary drugs have been 
used in the study, refer to these by their generic name, mentioning the proprietary name and the name 
and location of the manufacturer in parentheses. 

 P values should be written in full and should be in italics (e.g p = 0.04)  - 3 decimal places 

Submission of Revised Manuscripts 

When submitting revised manuscripts, authors are requested to highlight revisions in yellow rather than using 
track changes features. In addition, an author response letter should be provided including a detailed response to 
each point from each reviewer. 

Wiley Author Resources 

Manuscript Preparation Tips: Wiley has a range of resources for authors preparing manuscripts for submission 
available here. In particular, authors may benefit from referring to Wiley’s best practice tips on Writing for 
Search Engine Optimization. 

Article Preparation Support: Wiley Editing Services offers expert help with English Language Editing, as well 
as translation, manuscript formatting, figure illustration, figure formatting, and graphical abstract design – so you 
can submit your manuscript with confidence. 
Also, check out our resources for Preparing Your Article for general guidance about writing and preparing your 
manuscript.         
Guidelines for Cover Submissions: If you would like to send suggestions for artwork related to your manuscript 
to be considered to appear on the cover of the journal, please follow these general guidelines. 

5. EDITORIAL POLICIES AND ETHICAL CONSIDERATIONS 

Peer Review and Acceptance 

The acceptance criteria for all papers are the quality and originality of the research and its significance to journal 
readership. Manuscripts are single-blind peer reviewed. Papers will only be sent to review if the Editor-in-Chief 
determines that the paper meets the appropriate quality and relevance requirements.  

Wiley's policy on the confidentiality of the review process is available here. 
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Appeal of Decision 

The decision on a paper is final and cannot be appealed. 

Human Studies and Subjects 

For manuscripts reporting medical studies that involve human participants (even if the study is retro-spective), a 
statement identifying the ethics committee that approved the study and confirmation that the study conforms to 
recognized standards is required, for example: Declaration of Helsinki; US Federal Policy for the Protection 
of Human Subjects; or European Medicines Agency Guidelines for Good Clinical Practice. It should also 
state clearly in the text that all persons gave their informed consent prior to their inclusion in the study. A pdf of 
the ethics approval must be uploaded at the time of submission. The ethics approval number should be included 
in the Materials and Methods section. 

Patient anonymity should be preserved. When detailed descriptions, photographs, or videos of faces or 
identifiable body parts are used that may allow identification, authors should obtain the individual's free prior 
informed consent. Authors do not need to provide a copy of the consent form to the publisher; however, in signing 
the author license to publish, authors are required to confirm that consent has been obtained. Wiley has 
a standard patient consent form available for use. Where photographs are used they need to be cropped 
sufficiently to prevent human subjects being recognized; black eye bars should not be used as they do not 
sufficiently protect an individual’s identity). 

Animal Studies 

A statement indicating that the protocol and procedures employed were ethically reviewed and approved, as well 
as the name of the body giving approval, must be included in the Methods section of the manuscript. Authors 
must adhere to the ARRIVE guidelines for reporting study design and statistical analysis; experimental 
procedures; experimental animals and housing and husbandry. Authors should also state whether experiments 
were performed in accordance with relevant institutional and national guidelines for the care and use of laboratory 
animals: 

 US authors should cite compliance with the US National Research Council's Guide for the Care and Use 
of Laboratory Animals, the US Public Health Service's Policy on Humane Care and Use of Laboratory 
Animals, and Guide for the Care and Use of Laboratory Animals. 

 UK authors should conform to UK legislation under the Animals (Scientific Procedures) Act 1986 
Amendment Regulations (SI 2012/3039). 

 European authors outside the UK should conform to Directive 2010/63/EU. 

Clinical Trial Registration 

The journal requires that all clinical trials which have a commencement date after 31st January 2017 are 
prospectively registered in a publicly accessible database and clinical trial registration numbers should be 
included in all papers that report their results. Authors are asked to include the name of the trial register and the 
clinical trial registration number at the end of the abstract. 

Research Reporting Guidelines 

Accurate and complete reporting enables readers to fully appraise research, replicate it, and use it. Authors are 
required to adhere to recognised research reporting standards. The EQUATOR Network collects more than 370 
reporting guidelines for many study types, including for: 

 Randomised trials : CONSORT  
Clinical trials should be reported using the CONSORT guidelines. A CONSORT checklist should also be 
included in the submission material under “Supplementary Files for Review”. 
If your study is a randomized clinical trial, you will need to fill in all sections of the CONSORT Checklist. 
If your study is not a randomized trial, not all sections of the checklist might apply to your manuscript, in 
which case you simply fill in N/A. 

 All prospective clinical trials which have a commencement date after the 31st January 2017 must be 
registered with a public trials registry. 

 Observational studies : STROBE  
Clinical Oral Implants Research requires authors of human observational studies in epidemiology to 
review and submit a STROBE statement. Authors who have completed the STROBE checklist should 
include as the last sentence in the Methods section a sentence stating compliance with the appropriate 
guidelines/checklist. Checklists should be included in the submission material under “Supplementary 
Files for Review”. Please indicate on the STROBE checklist the page number where the corresponding 
item can be located within the manuscript e.g. Page 4. 

 Systematic reviews : PRISMA  

 Case reports : CARE  

 Qualitative research : SRQR  
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 Diagnostic / prognostic studies : STARD  

 Quality improvement studies : SQUIRE  

 Economic evaluations : CHEERS  

 Pre-clinical in vivo studies : ARRIVE  
Clinical Oral Implants Research requires authors of pre-clinical in vivo studies submit with their 
manuscript the Animal Research: Reporting In Vivo Experiments (ARRIVE) guidelines checklist. Authors 
who have completed the ARRIVE guidelines checklist should include as the last sentence in the 
Methods section a sentence stating compliance with the appropriate guidelines/checklist. Checklists 
should be included in the submission material under “Supplementary Files for Review”. 

 Study protocols : SPIRIT  

 Clinical practice guidelines : AGREE 

We also encourage authors to refer to and follow guidelines from: 

 Future of Research Communications and e-Scholarship (FORCE11)  

 National Research Council's Institute for Laboratory Animal Research guidelines  

 The Gold Standard Publication Checklist from Hooijmans and colleagues  

 Minimum Information Guidelines from Diverse Bioscience Communities (MIBBI) website  

 FAIRsharing website 

Species Names 

Upon its first use in the title, abstract, and text, the common name of a species should be followed by the scientific 
name (genus, species, and authority) in parentheses. For well-known species, however, scientific names may be 
omitted from article titles. If no common name exists in English, only the scientific name should be used. 

Genetic Nomenclature 

Sequence variants should be described in the text and tables using both DNA and protein designations whenever 
appropriate. Sequence variant nomenclature must follow the current HGVS guidelines; see varnomen.hgvs.org, 
where examples of acceptable nomenclature are provided 

. 

 
Sequence Data 

Nucleotide sequence data can be submitted in electronic form to any of the three major collaborative databases: 
DDBJ, EMBL, or GenBank. It is only necessary to submit to one database as data are exchanged between DDBJ, 
EMBL, and GenBank on a daily basis. The suggested wording for referring to accession-number information is: 
‘These sequence data have been submitted to the DDBJ/EMBL/GenBank databases under accession number 
U12345’. Addresses are as follows: 

 DNA Data Bank of Japan (DDBJ): www.ddbj.nig.ac.jp 

 EMBL Nucleotide Archive: ebi.ac.uk/ena 

 GenBank: www.ncbi.nlm.nih.gov/genbank 

Proteins sequence data should be submitted to either of the following repositories: 

 Protein Information Resource (PIR): pir.georgetown.edu 

 SWISS-PROT: expasy.ch/sprot/sprot-top 

 

Conflict of Interest 

The journal requires that all 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 directly 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. The 
existence of a conflict of interest does not preclude publication. If the authors have no conflict of interest to 
declare, they must also state this at submission. It is the responsibility of the corresponding author to review this 
policy with all authors and collectively to disclose with the submission ALL pertinent commercial and other 
relationships. 
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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. Please find the form in two 
forms below: 

Conflict of Interest Disclosure Form (pdf version) 

Conflict of Interest Disclosure Form (word version) 

We would prefer the pdf version is filled out, but if you have issues with the PDF version then please complete the 
Word version of the form then save it as a PDF before submission. 

 
Funding 

Authors should list all funding sources in the Acknowledgments section. Authors are responsible for the accuracy 
of their funder designation. If in doubt, please check the Open Funder Registry for the correct 
nomenclature: https://www.crossref.org/services/funder-registry/ 

 
Authorship 

The list of authors should accurately illustrate who contributed to the work and how. All those listed as authors 
should qualify for authorship according to the following criteria: 

1. Have made substantial contributions to conception and design, or acquisition of data, or analysis and 
interpretation of data; and 

2. Been involved in drafting the manuscript or revising it critically for important intellectual content; and 
3. Given final approval of the version to be published. Each author should have participated sufficiently in 

the work to take public responsibility for appropriate portions of the content; and 
4. Agreed to be accountable for all aspects of the work in ensuring that questions related to the accuracy or 

integrity of any part of the work are appropriately investigated and resolved. 

Contributions from anyone who does not meet the criteria for authorship should be listed, with permission from 
the contributor, in an Acknowledgments section (for example, to recognize contributions from people who 
provided technical help, collation of data, writing assistance, acquisition of funding, or a department chairperson 
who provided general support). Prior to submitting the article all authors should agree on the order in which their 
names will be listed in the manuscript. 

 
Additional Authorship Options. Joint first or senior authorship: In the case of joint first authorship, a footnote 
should be added to the author listing, e.g. ‘X and Y should be considered joint first author’ or ‘X and Y should be 
considered joint senior author.’ 

Data Sharing and Data Accessibility 

Clinical Oral Implants Research expects that data supporting the results in the paper will be archived in an 

appropriate public repository. Authors are required to provide a data availability statement to describe the 

availability or the absence of shared data. When data have been shared, authors are required to include in their 

data availability statement a link to the repository they have used, and to cite the data they have shared. 

Whenever possible the scripts and other artefacts used to generate the analyses presented in the paper should 

also be publicly archived. If sharing data compromises ethical standards or legal requirements then authors are 

not expected to share it. 

See the Standard Templates for Author Use to select an appropriate data availability statement for your dataset. 

 

Publication Ethics 

This journal is a member of the Committee on Publication Ethics (COPE). Note this journal uses iThenticate’s 
CrossCheck software to detect instances of overlapping and similar text in submitted manuscripts. Read 
Wiley'sTop 10 Publishing Ethics Tips for Authors here. Wiley’s Publication Ethics Guidelines can be found here. 

ORCID 

As part of the journal’s commitment to supporting authors at every step of the publishing process, the journal 
requires the submitting author (only) to provide an ORCID iD when submitting a manuscript. This takes around 2 
minutes to complete. Find more information here. 
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6. AUTHOR LICENSING 

If your paper is accepted, the author identified as the formal corresponding author will receive an email prompting 
them to log in to Author Services, where via the Wiley Author Licensing Service (WALS) they will be required to 
complete a copyright license agreement on behalf of all authors of the paper. 

Authors may choose to publish under the terms of the journal’s standard copyright agreement, or Open 
Access under the terms of a Creative Commons License. 

General information regarding licensing and copyright is available here. To review the Creative Commons 
License options offered under Open Access, please click here. (Note that certain funders mandate that a 
particular type of CC license has to be used; to check this please click here.) 

Self-Archiving definitions and policies. Note that the journal’s standard copyright agreement allows for self-
archiving of different versions of the article under specific conditions. Please click here for more detailed 
information about self-archiving definitions and policies. 

Open Access fees: If you choose to publish using Open Access you will be charged a fee. A list of Article 
Publication Charges for Wiley journals is available here. 

 
Funder Open Access: Please click here for more information on Wiley’s compliance with specific Funder Open 
Access Policies. 

 
7. PUBLICATION PROCESS AFTER ACCEPTANCE 
Accepted article received in production 

When an accepted article is received by Wiley’s production team, the corresponding author will receive an email 
asking them to login or register with Wiley Author Services. The author will be asked to sign a publication 
license at this point. 

Accepted Articles 

The journal offers Wiley’s Accepted Articles service for all manuscripts. This service ensures that accepted ‘in 
press’ manuscripts are published online shortly after acceptance, prior to copy-editing or typesetting. Accepted 
Articles are published online a few days after final acceptance and appear in PDF format only. They are given a 
Digital Object Identifier (DOI), which allows them to be cited and tracked and are indexed by PubMed. After the 
final version article is published (the article of record), the DOI remains valid and can still be used to cite and 
access the article. 

Accepted Articles will be indexed by PubMed; submitting authors should therefore carefully check the names and 
affiliations of all authors provided in the cover page of the manuscript so it is accurate for indexing. Subsequently, 
the final copyedited and proofed articles will appear in an issue on Wiley Online Library; the link to the article in 
PubMed will update automatically.  

Proofs 

Once the paper is typeset, the author will receive an email notification with full instructions on how to provide 
proof corrections. 

Please note that the author is responsible for all statements made in their work, including changes made during 
the editorial process – authors should check proofs carefully. Note that proofs should be returned within 48 hours 
from receipt of first proof.  

 
Publication Charges 

 
Page Charges. Original Articles exceeding 10 published pages and Review Articles exceeding 16 published 
pages, including illustrations and references, are subject to a charge of USD 160 per additional page. One 
published page amounts approximately to 5,500 characters (excluding figures and tables). The author will be 
notified of the cost of page charges when they receive the proofs, along with instructions on how to pay for the 
charges. 

 

 
Early View 

The journal offers rapid speed to publication via Wiley’s Early View service. Early View (Online Version of 
Record) articles are published on Wiley Online Library before inclusion in an issue. Note there may be a delay 
after corrections are received before the article appears online, as Editors also need to review proofs. Once the 
article is published on Early View, no further changes to the article are possible. The Early View article is fully 
citable and carries an online publication date and DOI for citations. 
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8. POST PUBLICATION 

Access and sharing 

When the article is published online: 

 The author receives an email alert (if requested). 

 The link to the published article can be shared through social media. 

 The author will have free access to the paper (after accepting the Terms & Conditions of use, they can 
view the article). 

 The corresponding author and co-authors can nominate up to ten colleagues to receive a publication 
alert and free online access to the article. 

 
Promoting the Article 

To find out how to best promote an article, click here. 

 
Article Promotion Support 

Wiley Editing Services offers professional video, design, and writing services to create shareable video 
abstracts, infographics, conference posters, lay summaries, and research news stories for your research – so you 
can help your research get the attention it deserves.  

 
Measuring the Impact of an Article 

Wiley also helps authors measure the impact of their research through specialist partnerships 
with Kudos and Altmetric. 

 
Wiley’s Author Name Change Policy 

In cases where authors wish to change their name following publication, Wiley will update and republish the paper 
and redeliver the updated metadata to indexing services. Our editorial and production teams will use discretion in 
recognizing that name changes may be of a sensitive and private nature for various reasons including (but not 
limited to) alignment with gender identity, or as a result of marriage, divorce, or religious conversion. Accordingly, 
to protect the author’s privacy, we will not publish a correction notice to the paper, and we will not notify co-
authors of the change. Authors should contact the journal’s Editorial Office with their name change request.  
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