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RESUMO 

Estudos experimentais demonstraram que a estimulação elétrica 

promove a osteogênese e proporciona maior área de contato osso-

implante (BIC). Estudo in vivo (Bins-Ely et al., 2017) revelou os 

maiores valores médios de contato osso-implante (82%) quando 

submetidos à aplicação de corrente elétrica de 20 μA. Considerando-se 

vários fatores que afetam o processo de osseointegração, análises de 

elementos finitos também podem ser uma boa estratégia para distinguir 

preliminarmente aspectos chave para melhorar a osseointegração dos 

implantes. O objetivo deste estudo foi avaliar a influência de diferentes 

densidades e amplitudes de corrente elétrica na porcentagem de contato 

osso-implante utilizando o método dos elementos finitos. A distribuição 

do campo elétrico no tecido biológico foi calculada pelo método dos 

elementos finitos (FEM) usando o COMSOL Multiphysics® 

(Estocolmo, Suécia) e os cálculos do modelo 3D foram executados em 

um computador pessoal. Modelos numéricos foram realizados em 

implantes de grau IV de titânio comercialmente puros conectados a uma 

bateria de 1,5 V com resistência elétrica (R) a 150 kΩ em 10 µA ou a 75 

kΩ em 20 µA. A porcentagem de BIC simulado foi analisada variando-

se a corrente elétrica de 1 a 60 µA e a condutividade elétrica da interface 

osso-implante (BC+TiO2) foi de 0,30 S/m. A variação da aplicação de 

corrente elétrica foi simulada para regiões peri-implantar cervicais e 

apicais. No entanto, a aplicação de corrente elétrica foi realizada na 

região peri-implantar apical e apresentou um BIC de 79% para aplicação 

de 20 µA; 93% para aplicação de 30 µA e 98% para aplicação de 40 µA. 

Por outro lado, a aplicação de corrente elétrica foi realizada na região 

peri-implantar cervical e apresentou menor BIC (%) para toda a fonte de 

corrente aplicada. Uma fonte de corrente elétrica abaixo de 10 µA não 

foi suficiente para aumentar os valores médios de BIC. No entanto, 

fontes de corrente elétrica variando de 10 a 20 µA aumentaram os 

valores de BIC até cerca de 60%, enquanto uma fonte elétrica a 30-40 

µA resultou em valores de BIC em cerca de 90%. O posicionamento da 

fonte de corrente elétrica pode influenciar os valores de BIC, uma vez 

que o posicionamento da fonte elétrica próxima ao ápice do implante 

apresentou os maiores valores de BIC quando comparados àqueles 

registrados na região coronal do implante  

Palavras-chave: Elemento finito, Terapia de estimulação elétrica, 

Titânio, Implante dental.  



  



ABSTRACT 

Experimental studies have shown that electrical stimulation promotes 

osteogenesis and provides higher contact area of bone/implant interface 

(BIC). An in vivo study (Bins-Ely at al., 2017) revealed the highest 

mean values of bone-implant contact (82%) when submitted to 20 μA 

electrical current application. Considering several factors that affect the 

osseointegration process, finite element analyses can also be a good 

strategy to preliminary distinguish key aspects to enhance implants 

osseointegration. The aim of this study was to evaluate the influence of 

different density and amplitude of electric current on the percentage of 

bone-implant contact using the finite element method. The electric field 

distribution on biological tissue was computed by finite element method 

(FEM) using the COMSOL Multiphysics® (Stockholm, Sweden) and 

the 3D model calculations were run on a personal computer. Numerical 

models were performed on commercially pure titanium grade IV 

implants connected to a 1.5 V battery with an electrical resistance (R) at 

150 kΩ on 10 µA or at 75 kΩ on 20 µA. The percentage of simulated 

BIC was analyzed by varying the electric current from 1 up to 60 µA 

and the electrical conductivity of the interface implant-bone (BC+TiO2) 

was 0.30 S/m. The variation of electric current application was 

simulated for cervical and apical peri-implant regions. However, 

electrical current application was performed at the apical peri-implant 

region and showed a BIC of 79% for application of 20 µA; 93% for 

application of 30 µA and 98% for application of 40 µA. On the other 

hand, electrical current application was performed at cervical peri-

implant region and showed lower BIC (%) for all current source applied. 

Conclusion: An electrical current source below 10 µA was not enough 

to increase the BIC mean values. However, electrical current sources 

ranging from 10 up to 20 µA increased the BIC values up to around 

60% while an electrical source at 30-40 µA resulted in BIC values at 

about 90%. The positioning of the electrical current source can influence 

the BIC values once the electrical source positioning close to the 

implant apex showed the highest BIC values when compared to those 

recorded at the coronal region of the implant 

Keywords: Finite element, Electric stimulation therapy, Titanium, 

Dental implants.  
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1 INTRODUÇÃO 

A terapia com implantes dentários para substituir um ou mais 

dentes em pacientes parcial ou totalmente desdentados tornou-se uma 

técnica bem documentada e cientificamente aceita (ELIAS et al., 2008). 

Para que o implante dentário seja funcional é necessário haver 

osseointegração, definida como a formação de uma interface direta entre 

implante e osso sem interposição de tecidos moles à microscopia óptica 

(BRÅNEMARK PI, HANSSON BO, ADELL R, BREINE U, 

LINDSTRÖM J, HALLÉN O, 1977). 

O titânio, comercialmente puro ou suas ligas, é largamente 

aplicado na confecção de implantes dentários, pois apresenta alta 

resistência à corrosão e ótima biocompatibilidade, devido à formação de 

uma fina camada de óxido de titânio (TiO2) (LIU; CHU; DING, 2004; 

STEINEMANN, 1998). 

Nos últimos anos, acadêmicos e pesquisadores têm desenvolvido 

diferentes topografias de superfícies e formas geométricas de sistemas 

de implantes dentários com objetivo de permitir aos clínicos a 

reabilitação oral em tempo mínimo (BAGGI et al., 2008; COELHO et 

al., 2015). A compreensão da influência das características superficiais 

dos materiais na biocompatibilidade e no processo de osseointegração 

tem sido particularmente importante para o sucesso clínico dos 

implantes (BROGGINI et al., 2006; CRUZ et al., 2011; QUIRYNEN; 

DE SOETE; VAN STEENBERGHE, 2002; TEUGHELS et al., 2006). 

Consequentemente, a taxa de sucesso é de aproximadamente 89% após 

10 a 15 anos de acompanhamento e está diretamente relacionada, não 

somente ao processo de osseointegração da superfície do implante, mas 

também, com a estabilidade da interface implante-osso a longo prazo 

(ALBREKTSSON et al., 1981; LIMA et al., 2006; ROOS-JANSAKER 

et al., 2006).  

Assim, considera-se que a superfície do implante é fundamental 

para alcançar e sustentar os resultados estéticos, pois a manutenção 

óssea contribui para a altura e volume do tecido mole adequados, 

levando a resultados estéticos aprimorados. Para este fim, a seleção de 

um sistema de implante com uma superfície projetada para melhorar a 

osseointegração, preservar o tecido ósseo e fornecer proteção contra o 

desenvolvimento de peri-implantite é de grande importância 

(LAZZARA, 2012).  

Um implante com uma microtopografia de superfície complexa é 

essencial tanto para a promoção de osteogênese de contato, quanto para 
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adesão da matriz óssea à superfície. Esses fenômenos mostram a 

importância e a influência que a microtopografia da superfície do 

implante tem na cicatrização precoce e na otimização das respostas 

biológicas durante o processo de cicatrização (SEZIN; CROHARÉ; 

IBANEZ, 2016).  

O uso de titânio e suas ligas, em implantes dentários, marca uma 

era em que um dos principais objetivos tem sido a redução ou 

eliminação do gap entre o procedimento cirúrgico e a carga funcional 

devido à melhor resposta do hospedeiro ao implante (VERVAEKE; 

COLLAERT; DE BRUYN, 2013). Na década de 80, os implantes 

utilizados apresentavam superfície lisa e permaneciam submersos por 

um período médio de 6 meses para permitir a osseointegração e, 

consequente, função. Hoje, implantes com diferentes micro e macro 

geometrias reduziram o tempo de espera e, em casos selecionados, 

permitem a restauração imediata da função e da estética (WEBER et al., 

2009). 

A fim de aprimorar o comportamento dos biomateriais metálicos, 

sua biocompatibilidade e também as suas propriedades mecânicas e 

físico-químicas, muitos estudos têm priorizado o conhecimento e 

aperfeiçoamento dos tratamentos de superfície (BORDJI et al., 1996; 

BUSER et al., 1991; COELHO et al., 2015; HU; YANG, 2014; 

PONSONNET et al., 2003; SELA et al., 2007; THOMAS; COOK, 

1985). 

Segundo Duan and Wang (DUAN; WANG, 2006), os métodos de 

modificação de superfície podem ser classificados nas seguintes 

categorias: 1) adição de materiais de funções desejáveis à superfície, 2) 

conversão da superfície existente em composições e / ou topografias 

mais desejáveis, 3) remoção de material da superfície existente para 

criar topografias. As três categorias de modificação podem ser 

alcançadas por diferentes técnicas, dependendo das aplicações, entre 

elas: técnicas físicas como revestimento por plasma spray, deposição 

física de vapor (categoria 1), implantação de íons (categoria 2), 

usinagem de superfície e jateamento (categoria 3). Ou por técnicas 

químicas, como a deposição biomimética de revestimentos de fosfato de 

cálcio, imobilização de superfície de moléculas funcionais (categoria 1), 

oxidações eletroquímicas (categoria 2) e corrosões ácidas (categoria 3).  

Além da rugosidade de superfície, a química é uma variável 

importante para aposição óssea peri-implantar, porque influencia a carga 

de superfície e a molhabilidade (KILPADI; LEMONS, 1994). A energia 

de superfície desempenha um papel essencial na adesão dos 

osteoclastos, enquanto sua dispersão é dependente da química da 
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superfície, especialmente na adsorção de proteínas e nas camadas de 

apatita recém-formadas. Assim, a adesão e dispersão celular são 

significativamente maiores em superfícies hidrofílicas do que em 

superfícies hidrofóbicas (PONSONNET et al., 2003).  

A molhabilidade da superfície do biomaterial controlará as 

proteínas capazes de adsorver na superfície e a formação do coágulo 

sanguíneo e da rede de fibrina (KOPF et al., 2015). A combinação de 

aumento da rugosidade superficial e hidrofilia pode interagir 

sinergicamente para produzir um microambiente adequado para reduzir 

o tempo de cicatrização e aumentar a osseointegração, o que pode elevar 

as taxas de sucesso dos implantes (HOTCHKISS et al., 2016). 

Com a finalidade de acelerar o processo de osseointegração, 

existem alternativas biofísicas, como mecânica, sonora e elétrica, além 

das terapias bioquímicas osteoindutoras (AARON et al., 2006). Os 

primeiros estudos sobre o efeito do estresse ou deformação nas 

propriedades elétricas do osso mostraram que o estresse de compressão 

causa um potencial negativo entre os eletrodos inseridos, o que leva à 

reabsorção óssea, enquanto a tensão de tração gera um potencial 

positivo, causando o crescimento ósseo (BASSETT; PAWLUK; PILLA, 

1974; FUKADA; YASUDA, 1957). Esses resultados levaram ao 

desenvolvimento de diferentes métodos para a estimulação elétrica do 

osso. O método invasivo, e mais comumente usado, é o estímulo de 

corrente contínua (CC). Por outro lado, as formas não invasivas de 

estimular o crescimento ósseo são: estímulo indutivo (EI) e estímulo 

capacitivo (EC) (COCHRAN, 1972). O uso de CC foi aprovado pela 

Food and Drug Administration (FDA) em 1979 e tem sido usado 

clinicamente por mais de 36 anos para a cura de fraturas (NELSON et 

al., 2003). 

Estudos prévios in vitro mostraram que a estimulação elétrica, 

seja por CC, gerando campo elétrico (EI) ou EC, melhora a cicatrização 

óssea (BUCH; ALBREKTSSON; HERBST, 1984), a proliferação 

celular (ARO et al., 1984) e a síntese de matriz extracelular 

(FRIEDENBERG et al., 1989). Estudos in vivo também mostraram que 

a estimulação elétrica promove a osteogênese (SHIGINO et al., 2001) e 

proporciona maior área de contato da interface osso / implante (BINS-

ELY et al., 2017; SHAFER et al., 1995; SHAYESTEH et al., 2007; 

SONG et al., 2009). De acordo com Shafer et al. (SHAFER et al., 1995), 

a aplicação de baixa intensidade de corrente elétrica (7,5 μA) não tem 

efeito positivo na consolidação óssea. E, apesar de apresentar relatos de 

sucesso clínico (BRIGHTON et al., 1977; KLECZYNSKI, 1988) na 

literatura, o mecanismo subjacente pelo qual ocorre a osteogênese, 



28 

induzida eletricamente, ainda não está claro. Não há consenso na 

literatura sobre os princípios operacionais de ambas as densidades de 

corrente elétrica 0,01 A/m
2
 <J <0,5 A/m

2
 (GITTENS et al., 2011) e 

amplitudes 7 μA a 50 μA (NELSON et al., 2003) aplicadas na interface 

osso-implante. 

Estudo clínico realizado na área ortopédica, acredita que as 

terapias externas, como estimulação elétrica, aumentam a consolidação 

óssea e a reparação de fraturas com uma taxa de sucesso de 80 a 85% 

em fraturas não consolidadas agravadas por características biológicas 

locais inadequadas e fatores sistêmicos, por exemplo, tabagismo, 

diabetes e alguns medicamentos (antiinflamatórios não esteróides e 

esteróides) (VERDONK et al., 2015). Por tanto, a estimulação elétrica 

tem caráter coadjuvante no tratamento de complicações relacionadas à 

cicatrização óssea, especialmente em pacientes de alto risco  (COOK; 

SUMMERS; COOK, 2015). No entanto, é necessário investigação 

adicional e desenhos de estudo de alta qualidade para determinar as 

modalidades de tratamento mais eficazes e as patologias mais utilizadas 

com a estimulação óssea.  

Bins-Ely et al. (BINS-ELY et al., 2017) avaliaram, por estudo 

histomorfométrico, a influência da aplicação de corrente elétrica em 

implantes de titânio estimulando a formação óssea. Implantes com 

superfície usinada foram comparados com implantes após aplicação de 

corrente elétrica direta e contínua de 10 μA e 20 μA por 7 e 14 dias. 

Após 7 dias de estimulação elétrica, não foram observadas diferenças 

estatísticas na área de contato da interface osso-implante. Por outro lado, 

implantes de titânio submetidos a 20 μA de corrente elétrica por 14 dias 

apresentaram melhor aposição óssea na superfície do implante com 82% 

de BIC e 44 μm na área periférica (p <0,01). Não houve diferença 

estatística entre os grupos 10 μA e controle (p> 0,05). Os autores 

concluíram que existe uma correlação positiva entre a porcentagem de 

contato osso-implante e a aplicação de corrente elétrica de 20 μA. No 

entanto, este estudo foi realizado em tíbia de cão e avaliado por curtos 

períodos de cicatrização. 

Considerando-se a importância das mudanças na superfície dos 

implantes de titânio na qualidade e sucesso da osseointegração e a pouca 

compreensão do efeito da estimulação elétrica do titânio, as simulações 

numéricas que predizem ou confirmam esses achados experimentais são 

uma importante ferramenta para o planejamento do tratamento da 

aplicação elétrica. Desta forma, é possível avaliar diferentes parâmetros 

separadamente, levando a um planejamento adequado de estudos in 

vitro e in vivo. 
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O objetivo deste estudo foi avaliar a influência de diferentes 

densidades e amplitudes de corrente elétrica na porcentagem de contato 

osso-implante utilizando o método dos elementos finitos. Para isso, os 

resultados histomorfométricos encontrados no estudo de Bins-Ely et al. 

(BINS-ELY et al., 2017), em modelo animal, foram utilizados como 

referência. Este estudo numérico foi realizado levando em conta a 

interface osso-implante e a presença de coágulo sanguíneo. 

A hipótese nula deste estudo foi que a aplicação de corrente 

elétrica ideal é de cerca de 20 μA e que a posição da fonte de corrente 

dentro do implante influencia a área do BIC. 
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2 PERGUNTAS DE PESQUISA 

2.1 PERGUNTA PRINCIPAL 

 
Qual a influência de diferentes densidades e amplitudes de corrente 

elétrica na porcentagem de contato osso-implante?   

2.2 PERGUNTAS SECUNDÁRIAS  

 
 Qual a faixa de densidade e amplitude de aplicação ideal?  

 Aplicação de corrente elétrica pode causar necrose tecidual?  

 A posição da fonte de corrente elétrica dentro do implante 

influencia a área de contato osso-implante?  
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3 JUSTIFICATIVA 

Dado aos resultados positivos de pesquisas realizadas pelo grupo 

de pesquisadores do Centro de Estudos e Pesquisa em Implantes 

Dentários (CEPID) ao avaliar a influência de estímulos elétricos na 

osseintegração de implantes de titânio, instalados em tíbia de cães, 

assim como aos resultados positivos encontrados na literatura, tanto em 

estudos clínicos quando em estudos experimentais (in vivo e in vitro) 

surge a curiosidade de avaliar a influência de diferentes densidades e 

amperagens de corrente elétrica. Além disso, há a necessidade de 

padronização dos dados e entendimento do processo de osteogênese 

durante o estímulo de corrente elétrica.  

Entretanto, por uma questão ética, utiliza-se cada vez menos 

estudos experimentais in vivo, sendo a simulação numérica 

(experimentos in sílico) uma forma vantajosa de apresentar respostas 

sobre a influência de diferentes densidades e amplitudes de aplicação e 

da posição da fonte da corrente elétrica na porcentagem de contato osso-

implante.   
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4 OBJETIVOS 

4.1 OBJETIVO GERAL 

 

Avaliar a influência de diferentes densidades e amplitudes de corrente 

elétrica na porcentagem de contato osso-implante utilizando modelo 

matemático.  

4.2 OBJETIVOS ESPECÍFICOS 

 

 Definir qual a faixa de densidade e amplitude ideal de corrente 

elétrica para aumentar a porcentagem de contato osso-implante; 

 Verificar qual a faixa de densidade e amplitude não causam 

alterações na porcentagem de contato osso implante;  

 Observar se a aplicação de densidade e amplitude de corrente 

elétrica pode causar necrose na interface osso-implante; 

 Verificar se a posição da fonte de corrente dentro do implante 

influencia a área de contato osso-implante.  
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5 ARTIGO EM INGLÊS  

NUMERICAL MODELLING THE ELECTRICAL STIMULATION 

ON IMPLANT OSSEOINTEGRATION 

5.1 ABSTRACT 

 

The aim of this study was to evaluate the influence of different density 

and amplitude of electric current on the percentage of bone-implant 

contact (BIC) using the finite element method. Numerical models were 

performed on commercially pure titanium grade IV implants connected 

to a 1.5 V battery with an electrical resistance (R) at 150 kΩ on 10 µA 

or at 75 kΩ on 20 µA. The percentage of simulated BIC was analysed 

by varying the electric current from 1 up to 60 µA. The variation of 

electric current application was simulated for coronal and apical peri-

implant regions. The findings showed that a source applying a direct and 

constant electric current below 10 μA cannot provide acceptable current 

density for osseointegration (BIC < 55%). However, current sources 

from 10 to 20 μA or 30 to 40 μA resulted in BIC above 60 and 90%, 

respectively. The application of the current source at the apical peri-

implant region resulted in the highest BIC percentage at around 86.1%. 

Although the model is a simplified version of the biological process in 

the bone-implant interface, the findings obtained in this study can 

predict a magnitude of electrical current density required to stimulate 

osseointegration. The location and intensity of the electrical current 

source can increase the resultant electrical current density at the 

implant-bone and enhance the bone healing process.  

Keywords: Finite element, Electric stimulation therapy, Titanium, 

Dental implants.  

5.2 INTRODUCTION 

Since the 1970s, titanium-based implants have been widely used in 

dentistry due to their physicochemical and biological behavior to 

establish a direct contact with the surrounding bone (1). Conventional 

loading - at least three months in the mandible and six months in the 

maxilla - (2) it has been recommended to minimize the risk of soft tissue 

encapsulation, consequent loss of osseointegration and implant failure 

(1). Although 10-year implant survival rate of 99.7% (3), recent studies 

have pursued to decrease the bone healing period (4). In fact, peculiar 
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clinical conditions can occur such as the placement of implants in 

regions with poor bone quality and volume (5). Also, bone grafts and 

bio-absorbable membranes are often required for vertical and horizontal 

bone augmentation (6). Factors related to the patients, prosthetic, and 

surgical conditions statistically affect implant failure rates (7). Thus, 

shorten the healing time can avoid early risks of failures in implant-

supported rehabilitation (8). 

Changes in morphological aspects and chemical composition of 

implant surfaces affect the dynamics of bone healing at bone-implant 

contact area during the initial stages after implant placement (9). Several 

studies demonstrated that rough titanium surfaces induce the activation 

of platelets to release growth factors (10), improves osteogenesis (11), 

affects the degree of osseointegration (12), and enhances mechanical 

stability (13). Additionally, surface energy affects the biological 

response to the implant, it is believed that hydrophilic surfaces tend to 

enhance the early stages of cell adhesion, proliferation, differentiation, 

and bone mineralization compared to hydrophobic surfaces (14). Thus, 

wettability probably controls the proteins capable of adsord to the 

surface and the formation of a blood clot and a fibrin network (15). It is 

believed that the interaction between roughness and surface 

hydrophilicity can create a favourable microenvironment to reduce 

healing times and increase osseointegration, however, it seems that 

increased wettability of the surface had a stronger immunomodulatory 

effect than increased roughness (16). Clinical studies showed 5-year 

cumulative success rate above 96% (17,18) and a robust bone-implant 

contact (BIC), ranging from 67 to 81% on implants treated by grit-

blasting and etching (19). Recent methods deal with electrochemical 

procedures for biomimetic functionalization of dental implants.  

Functionalization by using bioactive ceramics aims to mimic the natural 

deposition of calcium phosphate apatite crystals on the implant surfaces 

leading to the precipitation of biological apatite on the surface of the 

implant (20,21).  

Electrical stimulation of the bone after implant placement has been 

studied in the last years (22,23). An invasive electrochemical method, 

and most commonly used, is the direct current (DC) stimulus, approved 

by the Food and Drug Administration (FDA) in 1979. DC stimulus 

consists of a battery that generates an electric field (EF) to growing 

cells, either directly through the implant device or indirectly through the 

medium where they are growing (24) and has been used clinically for 

over 36 years thenceforth for fracture healing (25). On the other hand, 

non-invasive approaches for bone growth stimulation namely inductive 
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stimulus has been reported in literature, which through external 

electrodes generates an EF, and capacitive stimulus, which from coils 

connected in series generates an electromagnetic field (24,26). In fact, 

electric stimulus speeds up bone formation process, probably 

stimulating the migration of pre-existing osteoblasts and mesenchymal 

cells to the implant-bone interface during the first stage of the 

osseointegration process. Several experimental in vitro and in vivo 

studies (22,23,27–30) and clinical success (31,32) are reported in 

literature. Furthermore, electrical stimulation is considered an adjunctive 

procedure for bone healing complication treatment, especially in high-

risk patients (33). However, the underlying mechanism by which 

electrically induced osteogenesis occurs remains unclear, thus, 

additional research and high-quality study designs are needed to 

determine the most effective treatment modalities and pathologies best 

used with bone stimulation. 

There is no consensus in the literature regarding the operating 

principles of both electric current densities 0.01 A/m
2
<J<0.5 A/m

2
 (24) 

and amplitudes 7 μA to 50 μA (25) applied in the bone-dental implant 

interface. However, titanium implants submitted to 20 μA electrical 

current application for 14 days showed better bone apposition on the 

implant surface with 82% BIC and 44 μm on peripheral bone area (p 

<0.01). This result shows the positive correlation between the 

percentage of bone-implant contact and the application of electric 

current of 20 μA (23). To our knowledge, experimental studies have not 

involved different clinical situations linked to the implant design, 

electrical source site, and the bone conditions. 

Considering several factors that affect the osseointegration 

process, finite element analyses can also be a good strategy to 

preliminary distinguish key aspects to enhance osseointegration of 

implants. In this way, it is possible to evaluate different parameters 

separately leading to a proper planning of in vitro and in vivo studies. 

The aim of this study was to evaluate the influence of different density 

and amplitude of electric current on the percentage of bone-implant 

contact using the finite element method. The null hypothesis of this 

study was that the ideal electrical current application is around 20 μA 

and that the position of the current source inside the implant influences 

the BIC area.  
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5.3 MATERIAL AND METHODS 

5.3.1 Numerical model of the implant-battery-bone assembly 

The numerical model used in the present study was designed 

from the histomorphometric evaluation of the bone implant contact after 

in vivo electrical stimulation of dental implants (23). Commercially pure 

titanium (cp Ti) grade IV implants were connected to a 1.5 V battery 

with an electrical resistance (R) at 150 kΩ on 10 µA or at 75 kΩ on 

20 µA. The average current density for 10 µA at body/apex peri-implant 

region is 66 mA/m
2
, and at cervical region is 175 mA/m

2
 and for 20 µA 

at body/apex peri-implant region is 132 mA/m
2
 and at cervical region is 

350 mA/ m
2
. The distance (h) of the electrical current source and the 

electrical current flow (I) are shown in Figure 1. The geometric details 

on the implant and battery can also be seen in Figure 1. The dielectric 

properties of the materials involved in the implant-battery-bone set up 

are described in Table 1.  

 
 

Figure 1. Schematic illustration of the implant-battery geometry. 

Cross-sectioned drawing reveals internal design of the implant 

connected to the battery.  Distance (h); electrical current flow (I); 

electrical resistance (R) and titanium dental implant (Ti).  

  



41 

Table 1 – Dielectric properties of materials and tissues involved 

in the study. 

 

Description Electric 

conductivity 

 (S/m) 

Relative 

permittivity r 

References 

Cp Ti grade IV   2.5 x 10
6 
 1.6  x 10

2
 (34,35) 

Insulating (nylon)  1 x 10
-12

 8 (36) 

Cancellous bone  2 x 10
-1

 1 x 10
3
 (37) 

Cortical bone  2 x 10
-2

 5 x 10
2
 (37,38) 

Soft tissue  4 x 10
-2

 6 x 10
4
 (38) 

 

Details of the implant to bone interface are shown in Figure 2A. 

The representative section of the implant-bone region was selected 

according to previous studies considering a cancellous bone with 21 mm 

in height (37), cortical bone with 1 mm in height (37,38) soft tissue with 

2 mm in thickness (38), and blood clot with 0.3-0.6 mm in thickness 

(39). The equivalent electric circuit related to the implant-battery and 

peri-implant tissues is shown in Figure 2B, where RTi is the electrical 

resistance for cp Ti while RTiO2 is the electrical resistance for TiO2 and 

blood clot (BC); RB is the electrical resistance for the cancellous and 

cortical bone and RS is the electrical resistance for soft tissue. The total 

electrical current flowing on the dental implant and surrounding tissues 

is represented by IT (Fig. 2B). 

 

(A) 
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(B)                                                                             
 

Figure 2. Schematics of the implant and batter surrounded by the 

peri-implant tissues. (A) The implant to bone region is shown in details 

according to previous studies (39), being: electrical resistance (R) and 

titanium dental implant (Ti). (B) Equivalent electric circuit of the dental 

implant and surrounding tissues, where total electrical current flowing 

on the dental implant and surrounding tissues (IT); titanium electrical 

resistance (RTi); TiO2 and blood clot (BC) resistance (RTiO2); cancellous 

and cortical bone resistance (RB) and soft tissue resistance (RS).  

5.3.2 Finite element analysis 

Three-dimensional (3D) model calculations were run on a 

personal computer (Intel Core i5-2500, 3.3 GHz, 4 GB RAM) with 

Windows 7  (x64; Microsoft, Inc., Redmond, WA, USA) operating 

system. The electric field distribution on the implant-battery assembly 

and peri-implant tissues was computed by finite element method (FEM) 

using the COMSOL Multiphysics® (Stockholm, Sweden). A grid 

independence study was performed to establish an optimized mesh. This 

numerical model generated 96,185 tetrahedral elements by FEM. The 

local electric field (E) value at each one of the tetrahedral elements 

calculating dominion was determined by a steady current module 

(AC/DC module) following the Laplace equation as follow: 

 

    (1) 

 

where σ is the tissue conductivity (S/m) that is dependent on the 

electric field and V is the electric potential. Neumann’s boundary 

condition was applied for external insulate surfaces while interface 

between different materials were assessed by Dirichlet’s boundary 

condition (36). 
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5.3.3 Parameters models  

Current computational limitations do not allow simulating 

dimensions of titanium oxide thickness (nanometres) and implant 

dimensions (millimetres) simultaneously. To work around this 

dimensional difference of more than 100,000 times, the oxide and clot 

were considered to be a single macroscopic system with specific 

electrical characteristics. These electrical characteristics were obtained 

through the compatibilization of the electrical conductivity of this 

medium with the experimental results obtained by Bins-Ely (23). The 

electrical conductivity (BC+TiO2) of the implant to bone region was 

simulated from 0.05 to 0.5 S/m. The relative permittivity was considered 

similar to that recorded for blood (4x10
3
 (40)). The experimental and 

simulated bone-implant region (23) were compared to those of dental 

implants with resistance at 150 kΩ and 75 kΩ. The electrical current 

was applied at about 10 µA for 150 kΩ or 20 µA for 75 kΩ.  

The percentage of simulated bone-implant region was analysed 

within an electric current ranging from 1 up to 60 µA and BC+TiO2= 0.30 

S/m. The variation of electric current application was simulated for 

cervical (h=5 mm) and apical peri-implant region (h=10 mm). The ideal 

current density for osseointegration 0.01 A/m
2
<J<0.5 A/m

2
 was 

illustrated by colours. A low current density for osseointegration (J<0.01 

A/ m
2
) was represented in black colour while high current density (J> 

0.5 A/m
2
) was suggested in white colour (24). 

5.4 RESULTS 

 

The initial evaluation of the electric current source on the implant 

simulation revealed an electrical current intensity at 10.5 µA for 150 kΩ 

and 21.1 µA for 75 kΩ.  

Electrical conductivity of the implant-bone gap region filled by 

blood clot was below 0.45 S/m on an electric current source at 20 µA.  

In the simulation, BC+TiO2 variation was between 0.05 and 0.5 

S/m and it was verified that for the current source of 20 µA all these 

values would be acceptable. Therefore, they would not give evidence of 

which electrical conductivity value should be chosen for the model. The 

limiting value was the BC+TiO2 for 10 µA current source. Electrical 

conductivity (BC+TiO2) for 0.05 to 0.2 S/m presented BIC (%) values 

obtained experimentally for 10 µA as shown by Figure 3. Figure 3 also 
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shows that 0.35 S / m is the threshold value from which the 

experimental results show a smaller area of osseointegration.  

Figure 3. Electrical conductivity of the blood clot region. The arrow 

delimits the experimental variations of BIC (%) results to 10 µA 

obtained by (23).  

 

The current density distribution (J) though the implant on 

BC+TiO2 = 0.3 S/m is shown in Figure 4. This high conductivity value 

generates a low resistance value, which brings the worst hypothesis for 

the study, underestimating the osseointegration area. The total electric 

current applied to the implant (A) and (C) was at 10 μA, (B) and (D) 

was 20 μA. 
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Figure 4. Distribution of current density on implant for (A,C) 10 

µA and (B,D) 20 µA. BC+TiO2=0.3 S/m. (C,D) The bone-implant 

interface shown in details. Black colour indicated J<0.01 A/m
2
 while 

rainbow colour was at 0.01 A/m
2
<J<0.5 A/m

2
, and white at J> 0.5 A/m

2
, 

 

The implications of electrical current source on the bone-implant 

contact percentage are shown in Figures 5 and 6. Electrical conductivity 

(BC+TiO2 ) was 0.3 S/m for both graphics. However, in Figure 5, 

electrical current application was performed at the apical peri-implant 

region (h = 10 mm) and showed a BIC of 80% for application of 20 µA; 

93% for application of 30 µA and 98% for application of 40 µA. On the 

other hand, in Figure 6, electrical current application was performed at 

cervical peri-implant region (h = 5 mm) and showed lower BIC (%) for 

all current source applied.  
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Figure 5. Influence of the current source variation on the bone-

implant contact (BIC) percentage. BC+TiO2=0.3 S/m. h = 10 mm, current 

applied at the apical peri-implant region. 
 

 
Figure 6. Influence of the current source variation on the bone-

implant contact (BIC) percentage. BC+TiO2=0.3 S/m. h = 5 mm, current 

applied in the cervical peri-implant region.  
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5.5 DISCUSSION 

The results of the present study support the rejection of the null 

hypothesis. They showed that a source applying a direct and constant 

electric current below 10 μA does not evidenced acceptable current 

density for osseointegration (BIC < 55%). However, current sources of 

10 to 20 μA and 30 to 40 μA presented BIC above 60% and 90%, 

respectively. In relation to implant geometry, the application of the 

current source at the apical peri-implant region, closer to the implant 

apex, resulted in 86.1% of the BIC area.  

The electrical conductivity of the titanium oxide formed in the 

dental implant is approximately 10
-6

 S/m (41) and thickness of 1-10 nm 

(42,43) blood has 0.6 S/m (44,45) and mean thickness of 0.45 mm (39). 

Considering the surface area of the implant in contact with the oxide 

equal to that of the oxide and the clot covering the implant, an 

equivalent conductivity closer to the blood can be estimated. The value 

obtained in this work was 0.3 S/m (Fig. 3). However, the blood between 

the implant and the bone undergoes a coagulation process. The blood 

conductivity decreases during coagulation. This reduction in 

conductivity may be approximately 10 times the value between 

coagulated and uncoagulated sample (46). This process of coagulation 

(and consequently, its conductivity) depends on several factors such as 

temperature, blood sedimentation and hematocrit (47). It is difficult to 

estimate its value at the time of the experiment. Thus, the value obtained 

in this study is compatible with the expected value for the analytical 

approach. Using only blood (0.6 S/m (40) ) at the implant-bone interface 

in the simulations did not present similar results obtained 

experimentally. The interface titanium and blood clot still have a thin 

layer of titanium oxide (~ 20nm). However, both the oxide thickness 

and the TiO2 conductivity (between 10
-7

 (48) and 10
6
 S/m (34)) were 

difficult to estimate. Therefore, to evaluate the electrical and geometric 

properties of TiO2 and blood clot independent in the experimental 

conditions was a limitation of this study. The conductivity of the clot 

with TiO2 in the medium, at the implant-bone interface, was considered 

adequate between 0.10 and 0.30 S/m, values lower than blood 

conductivity. Thus, the numerical model simulation evaluated the TiO2 

and the clot together, presenting macroscopically a constant electrical 

conductivity (BC+TiO2). However, several studies have shown that the 

electrical conductivity of titanium oxide depends on the applied electric 

field (35,49). In this study, it was considered that the electric field is not 
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enough to produce alteration in the conduction mechanisms of TiO2. In 

the model, the coagulation process is already established and its 

electrical conductivity does not change (50,51).  

An issue that remains unclear is regarding an optimal dosage of 

electrical stimulation, related to both density and intensity of applied 

electric current, especially considering the variation in bone density in 

different individuals. Experimental studies have not followed any 

standardized technique, making it difficult to compare studies or to draw 

conclusions for suitable application to human situations. Common 

parameters applied include fixed DC currents of 1-50 μA/cm
2
 which can 

affect osteoblast proliferation and expression of differentiation markers 

(24,27,52). Published literature reports different direct current 

amplitudes, ranging from 7 to 50 μA, to induce bone formation (25), 

while bone formation has been enhanced in tibiae and femurs of rabbits 

or dogs after electrical stimulation at 10–20 μA over different periods of 

time (53). Figure 4 shows the current density distribution (J) though the 

implant on BC+TiO2 = 0.3 S/m, whereas qualitatively high conductivity 

value generates a low resistance value, underestimating the 

osseointegration area. Especially at the top of the thread, bone-implant 

interface presents slightly better results (rainbow color), while in the 

valley region, the density is equal to or less than 0.15 A/m
2
, 

demonstrating that the macrogeometry could alter the current density 

distribution at different regions of the implant.      

Based on literature, Bins-Ely et al. (23) showed that the increase 

in BIC area was higher when electrical stimuli were applied, as 

evidenced by statistically significant differences between the tests (10 

μA and 20 μA) and control (0 μA) groups after 15 d (p < 0.01). 

However, the numerical model demonstrated better results for BIC area 

when applied electric current of 30 and 40 μA (90%) and BIC area of 

60% for current sources of 10 and 20 μA (Fig. 5), divergent from 

classical literature, that showed that thirty microamperes or more causes 

osteonecrosis (54).  

Narkhede (55) demonstrated in his study, in rabbit, that a weak 

stimulus (20 μA) did not show much difference from the control group. 

And prolonged periods of electrical stimulation with 100 μA were 

detrimental to the process of bone formation. Gittens et al. (24) suggests 

that an applied electric current of more than 40 μA exhibit an electrical 

current density greater than 0.5 A/m
2
, which may cause tissue damage. 

Corroborating with this finding, another study reported 

electrochemically reduction in oxygen tension and a considerable 

elevation in pH occurred at 100 μA, known to cause necrosis in vivo 
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(53). At the soft tissue level, direct current can promote vascular 

permeability, angiogenesis (56), and formation of new skin (57). It is 

believed that the desirable effect of tissue healing occurs with the 

application of electric current between 20 and 40 μA (57,58). 

In despite of the current flow is not uniform along the 

surrounding bone–implant interface (23), previous studies have also 

reported bone formation after electrical stimulation associated with 

dental implants placed in dog mandible (28,59). Therefore, questioned 

whether the implant design, more specifically, the position of the 

electric current source inside the prototype - cervical vs. apical peri-

implant regions, could change the BIC area rates. This mathematical 

model showed that the application of the ideal current source of 20 μA 

is at the bottom of the implant, apical peri-implant region (h=10 mm), 

resulting in 86.1% of the BIC area (Fig. 5). While in the applications at 

the cervical peri-implant region results in a reduction around 10% of the 

area (Fig. 6). However, although 75.4% of the BIC area has acceptable 

current density for osseointegration, its distribution is heterogeneous, 

presenting I<0.01 A/m
2
 at the apical peri-implant region. Yet, it can be 

concluded that due to the high conductivity of Ti, the application of the 

source in different regions of the implant does not cause significant 

changes in BIC area (%).  

The simulation was carried out statically over time. Thus, the 

implant deterioration, possible physical-chemical reactions of the 

osseointegration process, due to oxidation (24). The implant was 

simulated alone, with no other implants or adjacent teeth likely to 

interfere with the passage of electrical current. This would increase the 

resistance (R) of Figure 2B. The changes in the value of current sources 

occur because in the implant this form of generation is dependent on the 

materials between the poles of the battery as shown in Figure 2 B. This 

change becomes important in the case of BC+TiO2≤0.1 S/m, 

IT≤17.12 µA.  In this case, there is a reduction of more than 18% of the 

original 21 μA. However, this reduction is not sufficient to affect 

osseointegration (Figure 3). This mathematical model considered the 

healing cap submerged to the soft tissue (Figure 2A). Such information 

is relevant since that the healing cap exposed may changes the 

conductivity of the system. Such variables are being studied and will be 

described in a future article.  
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5.6 CONCLUSIONS 

 

Within the limitations of a mathematical model of a previous in 

vivo study, the main outcomes of this work can be summarized as 

follows:  

 Electrical current source applying below 10 μA might not 

provide a required resultant current density for osseointegration as 

indicated by bone-implant contact below 55%. However, electrical 

current sources ranging from 10 up to 20 μA could increase the bone-

implant contact to about 60% while source ranging from 30 up to 40 μA 

can result in bone-implant contact at around 90%; 

 Regarding the positioning of the electrical source, the 

application of the electrical current source at the apical peri-implant 

region, closer to the implant apex, resulted in 86.1% bone-implant 

contact.  The electrical current source at the coronal region might 

decrease the bone-implant percentage; 

 It is believed that the macrogeometry of the implant thread may 

play a role on the current density at the bone-implant interface. This, 

and the fact that healing caps exposed may change the electrical 

conductivity of the system, are subjects that will be discussed in a future 

article.   

 New approaches associated with electrical stimulation will 

contribute to the advancement of modern conventional dental implant 

technology and will be applied to various situations related to bone 

formation. Thus, by accelerating the osseointegration, the treatment time 

will be shortened, especially in patients with low quality and insufficient 

bone quantity and high-risk patients.  
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6 METODOLOGIA EXPANDIDA  

 
6.1 CONCEITOS BÁSICOS EM ELETROQUÍMICA  

 

6.1.1 Piezoeletricidade e Lei de Wolff 

 

O efeito piezoelétrico é uma resposta biológica ao estímulo 

mecânico, documentada por Fukada e Yasuda (FUKADA; YASUDA, 

1957) ao observar no osso a produção de carga elétrica negativa em 

áreas de compressão e carga elétrica positiva nas áreas de tração. Esta 

propriedade causa a resposta celular que leva ao crescimento ósseo 

proposto pela lei de Wolff. Em termos simples, o osso é uma fonte de 

energia elétrica endógena quando é mecanicamente estressado ou 

lesionado, a tensão leva ao aumento da formação óssea e a pressão leva 

à reabsorção óssea (BEHARI, 1991). O uso de fontes de energia, como 

os danos elétricos, poderia, portanto, aumentar ou mesmo acelerar a 

formação óssea em torno dos implantes dentários, particularmente em 

áreas de baixa qualidade óssea (BRIGHTON et al., 1975). 

No entanto, hoje sabe-se que o remodelamento ósseo está 

relacionado ao fenômeno da transdução mecânica, e não ao efeito 

piezoelétrico. Este é apenas um marcador do fluxo de fluido, que 

provoca ativação de canais iônicos mecanossensíveis, principalmente os 

canais de cálcio e potássio, alterando o potencial da membrana celular 

positiva (despolarização) ou negativamente (hiperpolarização). A 

hiperpolarização está associada à osteogênese, enquanto a 

despolarização, com reabsorção óssea (RIDDLE; DONAHUE, 2009). 

Por outro lado, a mecanotransdução pode ser resumida da seguinte 

forma: o estresse mecânico aplicado a um osso na escala macroscópica é 

transformado em um sinal que as células ósseas são capazes de detectar. 

A natureza e a magnitude deste sinal são pouco conhecidos (STROE; 

CROLET; RACILA, 2013).  

 

6.1.2 Fundamentos de Circuitos Elétricos  

 

Circuito Elétrico é uma interconexão de elementos elétricos.  

Carga é uma propriedade elétrica das partículas atômicas que compõe a 

matéria, medida em coulombs (C). A matéria, por sua vez, é formada 

por elementos fundamentais chamados átomos, que são constituídos por 

elétrons (carga negativa), prótons (carga positiva) e nêutrons. E uma das 
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suas principais características é o fato de ser móvel (fluxo de cargas 

elétricas).  

 

Quando um fio condutor (formado por átomos) é acoplado a uma bateria 

(uma fonte de força eletromotriz) as cargas são obrigadas a se mover. 

Cargas negativas se movem em uma direção, enquanto cargas positivas 

se movem na direção contrária, essa movimentação dá-se o nome de 

corrente elétrica. Portanto, corrente elétrica é o fluxo de carga por 

unidade de tempo, medido em ampères (A).  

 

A intensidade da corrente é determinada pela quantidade de carga 

elétrica por unidade de tempo. Assim, temos: 

 

 
 

Unidades no Sistema Internacional: 

q = carga elétrica  coulomb (C); 

Δt = intervalo de tempo  segundo (s); 

i = intensidade de corrente elétrica  coulomb por segundo (C/s) = 

ampere (A). 

 

Corrente contínua (CC) é uma corrente que permanece constante ao 

longo do tempo, conhecida pelo símbolo I.  

Corrente alternada (CA) é uma corrente que varia com o tempo segundo 

uma forma de onda senoidal, conhecida pelo símbolo i.  

 

Por outro lado, a densidade de corrente elétrica é o vetor de magnitude 

igual à quantidade de carga elétrica por unidade de tempo, em que a 

corrente elétrica constante passa em determinada área superficial. 

Assim, a densidade de corrente (J) é definida pela corrente elétrica (i), 

por unidade de área (A), medida em ampères (A) por metro quadrado 

(m
2
):   

 

 J = i / A  

 

Para deslocar o elétron em um condutor a determinado sentido é 

necessário algum trabalho ou transferência de energia. Esse trabalho é 

realizado por uma força eletromotriz externa, também conhecida como 

tensão ou diferença de potencial. A tensão Vab entre dois pontos a e b 
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em um circuito elétrico é a energia (ou trabalho) necessária para 

deslocar uma carga unitária de a para b; matematicamente:  

 

 

w = energia  joules (J)  

q = carga elétrica  coulomb (C) 

V = tensão   volts (V)  

Assim: 1 volt = 1 joule/coulomb = 1 newton-metro/coulomb  

 

Resistência elétrica é a propriedade física de um material de resistir à 

passagem de corrente elétrica, mesmo quando existe uma diferença de 

potencial aplicada. É representada pelo símbolo R e é medida em ohms 

().  

A resistência de qualquer material com uma área da seção transversal 

(A) uniforme depende de A e de seu comprimento l.  

A resistência de um condutor depende da resistividade do material. A 

resistividade, por sua vez, depende da temperatura na qual o condutor se 

encontra e independe da geometria da amostra. Assim temos:  

 
ρ é a resistividade elétrica do condutor (.m) 

R é a resistência elétrica do material () 

l é o comprimento do condutor (m) 

A é a área da seção do condutor (m
2
) 

 

A lei de Ohm relaciona a corrente I – ou taxa de passagem de cargas ao 

longo do tempo – à voltagem aplicada V da seguinte maneira:  

 

V = I.R 

 

Ou seja: para um condutor mantido à temperatura constate, a razão entre 

tensão (V) (entre dois pontos) e a corrente elétrica (I) é constante. Esta 

constante é a resistência elétrica (R). De acordo com a convenção de 

sinal passivo, a corrente flui de um potencial maior para um menor. 
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Outra medida importante para análise de circuitos é o inverso da 

resistência R, conhecida como condutância (G), uma medida que 

representa quanto um elemento conduz corrente elétrica:  

 

 
 

A unidade de condutância é o mho (ohm escrito ao contrário), com sím- 

bolo, o ômega invertido. Mas a unidade SI é o siemens (S):  

 

 
 

Portanto, Condutância é a capacidade de um elemento conduzir corrente 

elétrica, medida em siemens (S).  

 

Condutividade elétrica () é usada para especificar a natureza elétrica de 

um material. É o inverso da resistividade (). Ou seja, é a indicativa da 

facilidade na qual um material é capaz de conduzir uma corrente 

elétrica.  

A unidade é o inverso de ohm-metro, isto é, [(Ω-m)
-1

]  ou mho/m (= 

S/m).   

 

 
 

Uma forma de classificar os materiais sólidos é de acordo com a 

facilidade com que conduzem a corrente elétrica: condutores, 

semicondutores e isolantes. Metais são bons condutores, tipicamente 

apresentando condutividade da ordem de 10
7
 (Ω-m)

-1
.  

 

Um matérial dielétrico é um isolante elétrico, não metálico, no qual é 

possível produzir e manter um campo elétrico com pequeno ou nenhum 

suprimento de energia de fontes externas.  

 

Capacitor: é um dispositivo constituído por dois condutores, cada um 

tendo uma determinada superfície exposta ao outro, separados por um 

meio isolante. Uma diferença de potencial entre os dois condutores 

acarreta em armazenamento de cargas iguais em intensidade e de 

polaridades opostas. Os dois condutores são chamados eletrodos.  
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Capacitância: é a propriedade de um capacitor ou de um sistema de 

condutores e dielétricos que permite armazenar cargas separadas 

eletricamente, quando existem diferenças de potencial entre os 

condutores.  

Ou seja, quando uma voltagem é aplicada através de um capacitor, uma 

das placas torna-se positivamente carregada, e a outra negativamente, 

com o campo elétrico correspondente direcionado da positiva para 

negativa. Uma carga Q é acumulada em cada placa do capacitor e é 

diretamente proporcional à tensão aplicada e à área das placas e 

inversamente proporcional à distancia entre elas:  

 

 
 

Permissividade relativa (r) ou constante dielétrica (k) do material 

compara a capacidade de um material, entre duas placas, em direcionar 

suas cargas na aplicação de uma voltagem, em relação ao vácuo. Indica 

quantas vezes a capacidade do sistema foi aumentada com a introdução 

deste material (isolante) entre as placas do capacitor.  

 

A variação na capacitância C é o reflexo direto da constante dielétrica 

do material, onde Q é a carga armazenada (em Coulombs) e V é a 

voltagem através dos condutores (ou placas). A unidade é Coulombs por 

volt ou farad (F). A constante dielétrica é uma propriedade dos materiais 

de consideração fundamental para a construção de um capacitor.  

 

Fonte: (ALEXANDER; SADIKU, 2013; CALLISTER JR, 2007) 

6.2 SIMULAÇÃO NUMÉRICA   

6.2.1 Aquisição dos dados e descrição do modelo  

Os dados geométricos do modelo foram obtidos do estudo in 

vivo realizado em tíbia de cães por Bins-Ely et al.  (BINS-ELY et al., 

2017). Informações histológicas e características elétricas dos tecidos 

circundantes e dos materiais envolvidos foram encontrados na literatura. 

Os resultados histomorfométricos do contato osso-implante (BIC) após 

a estimulação elétrica in vivo de implantes dentários (BINS-ELY et al., 

2017) e os achados literários foram usados como referência para 

construção dos cálculos numéricos.  
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Na sequência, essas informações foram incorporadas ao 

simulador. Implantes de titânio comercialmente puro grau IV (Ti cp) 

foram conectados a uma bateria de 1,5 V com uma resistência elétrica 

(R) a 150 kΩ em 10 µA ou a 75 kΩ em 20 µA. A densidade de corrente 

média para 10 µA na região peri-implantar corpo/ápice é 66 mA/m
2
, e 

na região cervical é 175 mA/m
2
 e para 20 µA na região peri-implantar 

corpo/ápice é 132 mA/m
2
 e na região cervical é 350 mA/m

2
. A distância 

(h) da fonte de corrente elétrica e o fluxo de corrente elétrica (I), assim 

como os detalhes geométricos do implante e da bateria podem ser vistos 

na Figura 1 (página 31). As propriedades dielétricas dos materiais 

envolvidos no desenho implante-osso-bateria são descritos na Tabela 1 

(página 31). 

Foram desenhados modelos que consideraram o corte do 

implante (titânio comercialmente puro grau IV) instalado em osso, 

cortical e medular, envolto por coágulo e protegido por tecido mole, na 

superfície, na forma de paralelepípedo. Depois, cada domínio foi 

caracterizado eletricamente conforme dados da literatura. Detalhes do 

implante na interface óssea são mostrados na Figura 2A (página 33).  

A seção representativa da região implante-osso foi selecionada 

de acordo com estudos anteriores considerando um osso esponjoso com 

21 mm de altura (LI et al., 2011), osso cortical com 1 mm de altura 

(KIM et al., 2006; LI et al., 2011) tecido mole com 2 mm de espessura 

(KIM et al., 2006; MOTOYOSHI et al., 2007) e coágulo de sangue com 

espessura de 0,3-0,6 mm (DIEBOLD, 2003). O circuito elétrico 

equivalente relacionado à bateria de implante e tecidos peri-implantares 

é mostrado na Figura 2B, onde RTi é a resistência elétrica para Ti cp 

enquanto RTiO2 é a resistência elétrica para TiO
2
 e coágulo sanguíneo 

(BC); RB é a resistência elétrica para o osso esponjoso e cortical e RS é a 

resistência elétrica para tecido mole. A corrente elétrica total que flui no 

implante dentário e nos tecidos adjacentes é representada pela IT (Fig. 

2B) (página 33). 

 

6.2.2 Modelagem numérica   

 

Os cálculos do modelo tridimensional (3D) foram executados 

em um computador pessoal (Intel Core i5-2500, 3,3 GHz, 4 GB de 

RAM) com o sistema operacional Windows 7 (x64; Microsoft, Inc., 

Redmond, WA, EUA). A distribuição do campo elétrico no conjunto 

implante-bateria e nos tecidos peri-implantar foi calculada pelo método 
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dos elementos finitos (FEM) usando o COMSOL Multiphysics® 

(Estocolmo, Suécia). 

As simulações realizadas são estacionárias, ou seja, supõe-se 

que o sistema está em regime permanente, não considerando o tempo 

como uma variável. 

Elaborar a malha, ou domínio de calculo, é um processo crítico, 

pois há diferença na escala das grandezas envolvidas, desde a espessura 

do coágulo ao comprimento do implante. Isto produz regiões finas e 

outras espessas, que são automaticamente ajustadas, pelo programa, às 

menores grandezas, o que resulta num elevado número de elementos, 

muitas vezes impedindo a construção das malhas. Dessa forma, FEM 

requer a segmentação da estrutura em análise, ou seja, dividir o modelo 

geométrico em regiões, com relação às dimensões envolvidas, e gerar 

malhas com granularidades distintas. A divisão do solido em elementos 

infinitesimais permite que o calculo seja executado rapidamente 

considerando as condições locais e dos elementos fronteiriços.  

Este modelo numérico gerou 96.185 elementos tetraédricos por FEM. O 

valor do campo elétrico local (E) em cada um dos elementos tetraédricos 

calculando o domínio foi determinado por um módulo de corrente 

constante (módulo AC/CC) seguindo a equação de Laplace como segue: 

 

    (1) 

 

onde σ é a condutividade do tecido (S / m) que depende do campo 

elétrico e V é o potencial elétrico. A condição de contorno de Neumann 

foi aplicada para superfícies isolantes externas, enquanto a interface 

entre diferentes materiais foi avaliada pela condição de contorno de 

Dirichlet (SADIKU, 2014). 

 

6.2.3 Parâmetros da simulação    

 

As atuais limitações computacionais não permitem simular 

dimensões da espessura do óxido de titânio (nanômetros) e dimensões 

do implante (milímetros) simultaneamente. Para contornar essa 

diferença dimensional de mais de 100.000 vezes, o óxido e o coágulo 

foram considerados como um único sistema macroscópico com 

características elétricas específicas. Essas características elétricas foram 

obtidas através da compatibilização da condutividade elétrica deste meio 

com os resultados experimentais obtidos por Bins-Ely (BINS-ELY et 

al., 2017). A condutividade elétrica (BC+TiO2) da interface osso-implante 
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foi simulada de 0,05 a 0,5 S/m. A permissividade relativa (r) foi 

considerada similar àquela registrada para sangue (4x10
3
 (VANEGAS-

ACOSTA; LANDINEZ P.; GARZÓN-ALVARADO, 2010)). O 

experimento e simulação da interface osso-implante (BINS-ELY et al., 

2017) foi comparada com implantes dentários com resistência a 150 kΩ 

e 75 kΩ. A corrente elétrica foi aplicada ao redor de 10 µA para 150 kΩ 

ou 20 µA para 75 kΩ. 

A porcentagem da simulação da interface osso-implante foi 

analisada dentro de uma corrente elétrica variando de 1 a 60 µA e 

BC+TiO2= 0,30 S/m. A variação da aplicação de corrente elétrica foi 

simulada para a região peri-implantar cervical (h = 5 mm) e apical (h = 

10 mm). A densidade de corrente ideal para a osseointegração 0,01 

A/m
2
 < J < 0,5 A/m

2
 foi ilustrada por cores. Uma baixa densidade de 

corrente para osseointegração (J < 0,01 A/m
2
) foi representada na cor 

preta, enquanto alta densidade de corrente (J > 0,5 A/m
2
) foi sugerida na 

cor branca (GITTENS et al., 2011). 
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Availability/Disclosure of Materials and Methods and Author 

Access to Data. Authors of papers submitted to the JBMR
®

 must make 

materials and methods (e.g., cell lines, hybridomas, DNA clones, 

antibodies, biological reagents, and animal models) described in articles 

published in the JBMR
®

available to scientists in non-commercial 

institutions for purposes of replicating reported studies. Additionally, 

any original nucleotide/amino acid sequence data presented in a 

manuscript must be submitted to 

GenBank www.ncbi.nlm.nih.gov/genbank by the authors, and the 

accession numbers must be included with the submitted manuscript. 

Encourages Data Sharing 

Wiley and the ASBMR support efforts to encourage the sharing 

of research data. Journals and publishers are in a position to make a 

significant contribution to enabling access to the data underlying the 

articles we publish. The sharing of data enables others to reuse 

experimental results and supports the creation of new work built on 

previous findings, improving the efficiencies of the research process and 

supporting the critical goals of transparency and reproducibility. The 

policies concern the research data that support the results documented in 

research articles, including but not limited to: raw data, processed data, 

software, algorithms, protocols, methods, materials. 

https://wol-prod-cdn.literatumonline.com/pb-assets/assets/15234681/JBMR_ARRIVE_Update_for_PDF_RLJ-1509543717000.pdf
https://wol-prod-cdn.literatumonline.com/pb-assets/assets/15234681/JBMR_ARRIVE_Update_for_PDF_RLJ-1509543717000.pdf
https://wol-prod-cdn.literatumonline.com/pb-assets/assets/15234681/JBMR_ARRIVE_Update_for_PDF_RLJ-1509543717000.pdf
https://wol-prod-cdn.literatumonline.com/pb-assets/assets/15234681/JBMR_CONSORT_for_PDF_RLJ-1509543707000.pdf
https://wol-prod-cdn.literatumonline.com/pb-assets/assets/15234681/JBMR_CONSORT_for_PDF_RLJ-1509543707000.pdf
http://www.prisma-statement.org/
http://www.prisma-statement.org/
https://wol-prod-cdn.literatumonline.com/pb-assets/assets/15234681/gwas-1509543727000.pdf
https://wol-prod-cdn.literatumonline.com/pb-assets/assets/15234681/gwas-1509543727000.pdf
https://www.ncbi.nlm.nih.gov/genbank
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The ASBMR journals encourage authors to share the data and 

other artifacts supporting the results in the paper by archiving it in an 

appropriate public repository. Authors should include a data 

accessibility statement, including a link to the repository they have used, 

in order that this statement can be published alongside their paper. 

There are many options for depositing and sharing research data. 

One available repository is Figshare, which is integrated with the Wiley 

platform within existing journal workflows. Information on Data 

Sharing and Figshare can be found 

here: https://authorservices.wiley.com/author-resources/Journal-

Authors/licensing-open-access/open-access/data-sharing.html. Do not 

hesitate to contact the editorial office at JBMR
®

 Editorial Office for 

more information on Figshare or other supported depositories. 

AUTHOR RIGHTS FOR REUSE AND OPEN ACCESS 

Preprint Use 

Preprint servers, i.e., servers that allow for the posting of papers 

prior to submission for publication, are becoming more common across 

a range of disciplines. We know that preprint servers are far from 

ubiquitous and that their use is not universally accepted, but preprints 

are an important topic of conversation in many research communities. 

This journal will consider for review manuscripts previously 

available as preprints on non-commercial servers such as ArXiv, 

bioRxiv, psyArXiv, engrXiv, etc. The manuscript cannot be under 

consideration by another journal at any time that it is under 

consideration by JBMR
®

 . Authors may also post the submitted version 

of their manuscript to non-commercial servers at any time. Authors are 

requested to update any pre-publication versions with a link to the final 

published article. 

Self-archiving Policy 

Authors may self-archive the peer-reviewed (but not final) 

version of their paper on their own personal website, in their 

company/institutional repository or archive, and in not-for-profit 

subject-based repositories such as PubMed Central, following an 

embargo period of 12 months for scientific, technical, or medical 

journals. The version posted may not be updated or replaced with the 

VoR (Version of Record, which is the final, published version) and must 

contain the text, "This is the accepted version of the following article: 

[FULL CITE], which has been published in final form at [Link to final 

article]." 

Funder Arrangements and Article Repositories 

https://authorservices.wiley.com/author-resources/Journal-Authors/licensing-open-access/open-access/data-sharing.html
https://authorservices.wiley.com/author-resources/Journal-Authors/licensing-open-access/open-access/data-sharing.html
mailto:jbmroffice@wiley.com
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Certain funders, including the NIH, members of the Research 

Councils UK (RCUK), and Wellcome Trust require deposit of the 

Accepted Version in a repository after an embargo period. Details of 

funding arrangements are set out at the following 

website www.wiley.com/go/funderstatement. Please contact the Journal 

production editor if you have additional funding requirements. 

The JBMR
®

 supports its authors by depositing the accepted 

version of articles by National Institutes of Health (NIH) grant-holders 

to PubMed Central upon acceptance by the journal. Authors must first 

indicate during the submission process that their work was funded by 

the NIH. 

1. Wiley (as publisher of JBMR
®

) automatically deposits the 

accepted version to PubMed Central (PMC) 2 to 4 weeks after 

manuscript acceptance. 

The accepted version is the version that incorporates all 

amendments made during peer review, but prior to the publisher’s copy 

editing and typesetting. 

2. PMC issues an NIHSMID number and sends an email to the 

corresponding author to approve submission. The corresponding 

author’s approval is a critical step in the process. 

3. Three months after publication of the version of record (VoR), 

PMC issues the PMCID. 

The VoR is the definitive published version of the article that 

appears in a paginated issue. The VoR has had value added by the 

publisher such as copyediting, formatting, etc. to become a living part of 

the scholarly record. 

4. Twelve months after publication of the VoR, the accepted 

version appears in PubMed Central. 

The NIH mandate applies to all articles based on research that has 

been wholly or partially funded by the NIH and that are accepted for 

publication on or after April 7, 2008. 

NIH authors may also choose the OnlineOpen service as another 

option for NIH compliance. Upon payment of the OnlineOpen article 

publication charge ($3,000), Wiley will deposit the VoR into PubMed 

Central, with public availability in PubMed Central and the JBMR® 

website immediately upon publication. 

OnlineOpen 

OnlineOpen fulfills RCUK, Wellcome Trust, NIH, FWF, 

Telethon Italy, and other funder mandates. With OnlineOpen, the 

author, the author's funding agency, or the author's institution pays a fee 

to ensure that the article is open access and freely available to all on 

https://authorservices.wiley.com/author-resources/Journal-Authors/licensing-and-open-access/open-access/funder-agreements.html
mailto:jbmr@wiley.com
mailto:jbmr@wiley.com
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Wiley Online Library. In addition, authors of OnlineOpen articles are 

permitted to post the final, published PDF of their article on a website, 

institutional repository or other free public server, immediately on 

publication. For the full list of terms and conditions, 

see: http://olabout.wiley.com/WileyCDA/Section/id-406241.html. 

The fee for OnlineOpen in JBMR® is $3,000 US. OnlineOpen is 

activated upon payment and can be ordered at any point prior to, or 

after, acceptance. To make your article OnlineOpen, please complete 

the OnlineOpen Form. 

For Authors Choosing OnlineOpen 

If your paper is accepted, the author whom you identify as being 

the corresponding author for the paper will be presented with the option 

to sign an open access agreement (on behalf of all co-authors) to make 

the article available under the terms of the Creative Commons 

Attribution-Non-Commercial-NoDerivatives (CC-BY-NC-ND) license. 

For more information on the terms and conditions of the license please 

visit: 

http://www.wileyopenaccess.com/details/content/12f25db4c87/

Copyright--License.html 

The open access agreement is administered electronically. The 

author identified as the formal corresponding author for the paper will 

receive an email prompting them to login into Author Services; where 

via the Wiley Author Licensing Service (WALS) they will be able to 

complete the license agreement on behalf of all authors on the paper. 

If you select the OnlineOpen option and your research is funded 

by The Wellcome Trust and members of the Research Councils UK 

(RCUK), you will be given the opportunity to publish your article under 

a Creative Commons Attribution License OAA (CC-BY) license, which 

supports you in complying with Wellcome Trust and Research Councils 

UK requirements. For more information on this policy and the Journal’s 

compliant self-archiving policy, please 

visit:http://www.wiley.com/go/funderstatement and the “Creative 

Commons Attribution License”section posted 

on http://www.wileyopenaccess.com/details/content/12f25db4c87/Copy

right--License.html. 

TYPES OF MANUSCRIPTS PUBLISHED 

In order to consolidate and simplify the type of manuscripts that 

the journal will hence forth publish, below please find the accepted 

article types. Please see a recent Editorial by the JBMR
®

 Editorial 

team Focusing on the Science - JBMR® Manuscript Types. 

https://authorservices.wiley.com/author-resources/Journal-Authors/licensing-and-open-access/open-access/onlineopen.html
https://authorservices.wiley.com/home.html
http://www.wileyopenaccess.com/details/content/12f25db4c87/Copyright--License.html
http://www.wileyopenaccess.com/details/content/12f25db4c87/Copyright--License.html
https://wol-prod-cdn.literatumonline.com/pb-assets/assets/15234681/JBMR_OAA_CCBY-1509543728000.pdf
https://authorservices.wiley.com/author-resources/Journal-Authors/licensing-and-open-access/open-access/funder-agreements.html
http://www.wileyopenaccess.com/details/content/12f25db4c87/Copyright--License.html
http://www.wileyopenaccess.com/details/content/12f25db4c87/Copyright--License.html
https://www.onlinelibrary.wiley.com/doi/abs/10.1002/jbmr.3545
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Original Articles. Original Articles should be kept to within 

approximately 28 double-spaced pages of 12-point Times Roman text, 

including the text of the manuscript, references, figures, figure legends, 

tables, and table footnotes. 

Clinical Trials. Manuscripts reporting clinical trials should be 

kept to within approximately 28 double-spaced pages of 12-point Times 

Roman text, including the text of the manuscript, references, figures, 

figure legends, tables, and table footnotes. 

Letters to the Editor. The JBMR
®

 welcomes Letters to the Editor 

that contribute constructively and substantively to scientific dialogue. 

Letters should address timely and important issues raised in articles 

recently published in the JBMR® and should be no more than 900 

words. Note that the JBMR®only considers Letters to the Editor that 

comment on papers previously published in the Journal and letters may 

not contain unpublished data. 

Reviews and Mini-Reviews (Perspectives). The JBMR
®

 publishes 

Reviews and Perspectives (Mini-Reviews) on topics selected by the 

editors. Reviews are approximately 6,000 words in length and 

Perspectives are approximately 2,800 words. Authors should not submit 

Reviews or Perspectives without first contacting the JBMR
®

 Editorial 

Office. 

Editorials (formerly called Commentaries). Editorials can be 

short articles written by the editors to provide information about the 

journal and its policies. The Editorial format is also now used to 

highlight an article judged of particular impact and relevance. Editorials 

are invited by the editors and unsolicited Editorials are rarely published. 

Authors should not submit Editorials without first contacting 

the JBMR
®

 Editorial Office. 

PREPARATION AND SUBMISSION OF MANUSCRIPTS 

This section presents detailed instructions on how to prepare and 

submit a manuscript to the JBMR
®

. Questions may be addressed to 

the JBMR
®

 Editorial Office. Manuscripts that do not conform to 

the JBMR®’s policies or requirements, including requirements for 

manuscript organization, format, and figure and image size and quality 

will be returned to the authors without review. 

Manuscript Submission. Manuscripts must be submitted to 

the JBMR
®

 via the Journal’s online submission system by a single 

corresponding author at https://mc.manuscriptcentral.com/asbmr. Only 

the designated corresponding author will be able to view the 

submission’s status or make changes to the manuscript. If you change 

the corresponding author during submission, the manuscript will be 

mailto:jbmroffice@wiley.com
mailto:jbmroffice@wiley.com
mailto:jbmroffice@wiley.com
mailto:jbmroffice@wiley.com
https://mc.manuscriptcentral.com/asbmr
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removed from your account and placed into theirs. There can be only 

one corresponding author per manuscript. 

Authors are now required to provide both a clean and marked-up 

version of each revision. 

Questions about manuscript submissions should be directed to 

the JBMR
®

 Editorial Office, jbmroffice@wiley.com. 

JBMR
®

 asks authors to classify their manuscript at the time of 

submission as Basic, Clinical, or Translational: 

• Basic: a study limited to in vitro studies of cell biology, 

molecular biology, etc. 

• Clinical: a study with the major component of the work 

involving human subjects 

• Translational: any study involving predominantly animal 

models or where the laboratory and clinical aspects of a human study 

are of approximately equal weight. 

Manuscript Details. Your manuscript may be submitted as a PDF 

file with figures and tables embedded at original submission. We will 

require that all files used to create the PDF, including figures, be 

submitted separately when a revision is requested. All manuscript pages 

must be numbered consecutively in the bottom right-hand corner, 

including references, tables, and figure legends. 

Should a revision be requested, you will be required to upload 

your manuscript and table(s) in .doc/.docx format, and figures will be 

required to be uploaded separately as .tif or .eps files. 

English-language Services. If you are not a native English 

speaker, Wiley Editing Services provides resources to help improve the 

English of your paper before submission. 

Authors in Japan may visit Wiley-Japan for additional resources 

and information at http://www.wiley.co.jp/journals/editcontribute.html. 

Authors in China are encouraged to visit Wiley-China 

at http://www.wiley.com/WileyCDA/Section/id-WILEYCHINA.html. 

Nomenclature. Abbreviations and nomenclature must follow the 

recommendations of the International Union of Biochemistry. Use of the 

International System of Units (SI units) is required; include appropriate 

conversion factors to aid the reader where appropriate. Drug names 

should always be generic. 

Papers on or that make use of bone histomorphometry must use 

the nomenclature, symbols, and units as described at Dempster et al. 

Papers that include micro–computed tomography (?CT)-derived 

bone morphometry and density measurements in animal models must 

mailto:jbmroffice@wiley.com
http://wileyeditingservices.com/en/
http://www.wiley.co.jp/journals/editcontribute.html
http://www.wiley.com/WileyCDA/Section/id-WILEYCHINA.html
http://www.chem.qmul.ac.uk/iupac/jcbn/
https://onlinelibrary.wiley.com/doi/10.1002/jbmr.1805/full
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cite and use the nomenclature, symbols, and units as described 

in Bouxsein et al. 

Papers on the descriptive epidemiology of osteoporosis should, 

wherever possible, include bone mineral density measurements made at 

the femoral neck and should report T-scores or diagnostic categories 

derived from standardized measurements using the NHANES III 

reference base for Caucasian women. 

Abbreviations and Acronyms. Nonstandard abbreviations must be 

spelled out at first mention, with the abbreviated form appearing in 

parentheses. Thereafter, they should be used without definition. 

Standard JBMR
®

 abbreviations do not need to be defined. 

ORGANIZATION AND FORMAT OF MANUSCRIPTS 

The order of manuscript elements is as follows: 

• Cover Letter 

• Title Page 

• Disclosure Page 

• Abstracts 

• Introduction 

• Materials and Methods 

• Results 

• Discussion 

• Acknowledgments 

• References 

• Figure Legends 

• Tables 

• Figures 

• Supplemental Data 

Descriptions of each manuscript element are provided below. 

Cover Letter. The cover letter should briefly outline the major 

findings of the study and the potential significance of these findings in 

the fields of bone and mineral research. Additionally, the authors may 

elect to indicate suggested reviewers in their letter, along with any 

reviewers to whom they might be opposed. 

Title Page. The title page must include the title, names of the 

authors (in the same order as the manuscript) and their major degrees, 

and affiliations and grant supporters. 

The corresponding author’s address, telephone number, and email 

address must also be provided. Finally, this page must indicate if any 

supplemental data have been included with the submission. 

https://onlinelibrary.wiley.com/doi/10.1002/jbmr.141/full
http://link.springer.com/article/10.1007/s00798-013-2413-7
http://link.springer.com/article/10.1007/s00798-013-2413-7
https://wol-prod-cdn.literatumonline.com/pb-assets/assets/15234681/Formated_Abbreviations-1509543722000.pdf
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Important: All those listed as authors must meet the requirements 

specified in the “Authorship” section under “Editorial Policies,” above. 

All those who qualify for authorship must be listed. 

Disclosure Page. Disclosures must be included at the time the 

manuscript is initially submitted to 

the JBMR
®

. JBMR
®

 follows ICMJE requirements, and authors will be 

required to sign and fill out a disclosure eform, which incorporates the 

ICMJE requirements at the time of submission. 

Title. The title is the most important criterion for search 

engines and PubMed. The title must be concise and should accurately 

reflect the scope of the study, including the species investigated. Editors 

reserve the right to edit titles that are not clear and succinct. In order to 

create a search engine friendly title, we suggest you follow these 

guidelines: 

 Include 1-2 keywords related to your topic 

 Place your keywords within the first 65 characters of your title 

 Keep your title short 

 Consider moving a phrase from your title to the first or second 

sentence of your abstract 

 Mention species in which study is conducted 

 Should attract attention of the reader 

Abstract. An abstract that briefly summarizes the major findings 

of the study must be included. It must be unstructured (i.e., there should 

not be introduction, methods, results sections, etc.), self-explanatory 

(i.e., completely understandable without reference to the text of the 

manuscript), and must not exceed 300 words. Five key words should be 

listed at the bottom of the Abstract page. Click here for a full list of key 

words. 

Introduction. This section should concisely review the rationale 

for the study and identify what issues are to be addressed. Background 

information directly pertaining to and necessary for the understanding of 

the study should also be included. This should clearly place the article 

within the area being studied and should not describe the outcome of the 

study in any detail. 

Materials and Methods. This section should carefully describe the 

methods and materials used, including statistical approaches (see 

below). It is not necessary to describe commonly used techniques in 

detail. Experiments must be outlined in sufficient detail to enable 

repetition by others, including the sequence and source of unique 

constructs. Any limitation of authors to full data access (e.g., blinded, 

http://www.icmje.org/
https://wol-prod-cdn.literatumonline.com/pb-assets/assets/15234681/JBMR_Keywords-1509543727000.pdf
https://wol-prod-cdn.literatumonline.com/pb-assets/assets/15234681/JBMR_Keywords-1509543727000.pdf
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etc.) must be explained. Restrictions on access to materials or 

experimental animals should be specified (for details, see "Use of 

Animals in Research" and“Availability/Disclosure of Materials and 

Methods and Author Access to Data”). 

Results.This section should succinctly state the results without 

lengthy discussion or interpretation of individual data. Graphical format 

is often preferable to tabular presentation of data. 

Statistical Analysis. Authors are responsible for ensuring that 

data presented in a manuscript are reproducible and that any differences 

in these data, upon which the authors draw conclusions, are not merely 

the result of random variation, (i.e., are statistically significant). 

Statistically significant findings are not prerequisites for publication in 

the JBMR
®

; however, properly analyzed data indicating null association 

or null effect can also be highly informative and publishable. 

Since statistical analyses vary according to study design and 

prohibit the establishment of standard rules, guidelines are available 

here to assist authors in performing the most appropriate statistical 

analyses and reporting those results in accord with JBMR® standards. 

Discussion. Study results should be summarized, though not 

repeated in detail, to provide context for logical explanations of the 

reported results and extrapolations or hypotheses drawn from them. The 

Discussion should conclude by re-stating the major findings of the study 

in relation to the rationale and aims of the study as outlined in the 

introduction. A concluding remark regarding wider implications of 

study findings is expected. 

Acknowledgments. Authors must acknowledge all support for the 

work, including funding, materials, equipment, drugs, technical 

assistance, etc. Acknowledgments should conform to the requirements 

detailed in the “Editorial Policies/Authorship and Acknowledgment of 

Contributors”section. 

In addition, the JBMR
®

 requires that each author briefly 

summarize his or her respective role. Example: 

Authors’ roles: Study design: TC and DD. Study conduct: RF. 

Data collection: AF. Data analysis: RF and AF. Data interpretation: TC, 

DD, RF, and AF. Drafting manuscript: TC and DD. Revising 

manuscript content: RF, and AF. Approving final version of manuscript: 

TC, DD, RF, and AF. RF takes responsibility for the integrity of the data 

analysis. 

References. Authors are responsible for the accuracy of their 

references. References must be numbered consecutively in the order 

they appear in the text. Place each reference number in parentheses, 
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throughout the text, tables, and legends. Use parentheses, as in this 

example (1). If the same reference is used again, re-use the original 

number. 

Please click here to view our Reference Style Sheet. 

Figure Legends. A separate list of figure legends must be 

supplied at the end of the manuscript. These should provide sufficient 

information for the figure to be understood independent of the text. Do 

not include these legends in the figure files themselves. 

Tables. Tables should complement the text without reiterating it. 

Tables should be numbered consecutively according to the order in 

which they are cited in text. Each table should have a brief, descriptive 

title. All necessary information should be contained in the footnote, and 

the table itself must be understandable independent of the text. Tables 

should not contain color. Provide each table column with an appropriate 

heading, and indicate clearly any units of measurement in the table. A 

key should be provided in the footnote for any symbols used. Tables 

may be embedded into the manuscript DOC or DOCX file. Superscript 

notation using sequential letters to indicate statistical significance (e.g., 

342 ± 14a) is preferable to the use of non-sequential symbols. 

Figures. Figures should be labeled with Arabic numerals (Figure 

1, 2, etc.) and panels labeled with letters (A, B, C). The JBMR
®

 allows 

the use of videos as primary figures; in order to do so, you must submit 

a screen capture from the video for use in the printed version of the 

Journal. The y-axis of graphs should originate at 0 or should show a 

clear scale break in cases where this would be difficult. 

Figures should be sized to one-column width (20 picas, 84 mm), 

or two-column width (42 picas, 177 mm), as appropriate. Multi-panel 

images should be composed as a single image with width and height 

limitations applying to the final, combined image. Image resolution 

must be at least 300 dpi for raster images (e.g., photographs, gels, stains) 

and 600 dpi for line-art images (e.g., charts and graphs). Image-related 

text and labeling must be clearly legible in a font size of 10 points or 

greater Times New Roman in the final image. 

Images presented in figures must adhere to the Guidelines for 

Best Practices in Image 

Processing: http://ori.hhs.gov/education/products/RIandImages/guidelin

es/list.html. 

Figures should not include figure legends. Figures must be 

submitted in TIF or EPS formats. The JBMR®cannot accept figures in 

PDF, PPT, or PPTX formats because the quality of print reproduction of 

figures in these formats is poor. For further guidance on preparing 

https://wol-prod-cdn.literatumonline.com/pb-assets/assets/15234681/Reference_Style_Sheet-1509543718000.pdf
https://ori.hhs.gov/education/products/RIandImages/guidelines/list.html
https://ori.hhs.gov/education/products/RIandImages/guidelines/list.html
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digital figure files, author(s) are encouraged to 

visit http://cjs.cadmus.com/da/applications.asp. 

Supplemental material. Supplemental material may be submitted 

to accompany an article for online-only publication when there is 

insufficient space or it is not possible to include the material in print. 

Supplemental materials will also be reviewed and controlled for 

plagiarism and falsification. 

Supplemental material must be uploaded separately from the 

manuscript and figures. Unless specifically requested by the editors 

during the review process, supplemental material must be submitted 

along with the manuscript and not after the peer review process has 

begun or has been completed. The JBMR
®

 will not accept supplemental 

material after an article has been accepted. Supplemental figures and 

tables must be referenced in the manuscript and appropriately labeled, 

i.e., “Supplemental Figure 1,” “Supplemental Figure 2,” etc. 

Although the JBMR
®

 does not set strict limits on the amount of 

supplemental material, authors should make efforts to keep the amount 

of such material to a reasonable level and submit only what is necessary 

to improve the communication of the paper’s key scientific points. 

Please note that supplemental information will be subjected to the 

full review process, but will not be checked for typographical errors or 

technical functionality. The responsibility for such errors and file 

functionality remains entirely with the authors. A disclaimer will be 

displayed to this effect with any supplemental information published. 

Questions about missing supporting information on Wiley Online 

Library should be directed to the journal's production editor. 

Wiley does not provide technical support for the creation of 

supporting information. For more information, please 

see http://authorservices.wiley.com/bauthor. 

REVIEW PROCESS AND DECISIONS TIMELINE 

The JBMR
®

 receives more than 800 submissions annually and 

must therefore be highly selective. The editors typically accept no more 

than around 25% of the manuscripts submitted each year. Manuscripts 

that the editors judge unlikely to be accepted may be returned to the 

authors without peer review. After acceptance, the time to online 

publication of the non-copyedited “Accepted Article” version of a paper 

is typically two weeks. 

Author Services enables authors to track their article - once it has 

been accepted - through the production process to publication online and 

in print. Authors can check the status of their articles online and choose 

to receive automated e-mails at key stages of production. The author 

http://art.cadmus.com/da/applications.jsp
mailto:jbmr@wiley.com
http://authorservices.wiley.com/bauthor
https://authorservices.wiley.com/home.html
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will receive an e-mail with a unique link that enables them to register 

and have their article automatically added to the system. Please ensure 

that a complete e-mail address is provided when submitting the 

manuscript. Visit http://authorservices.wiley.com/bauthor for more 

details on online production tracking and for a wealth of resources 

including FAQs and tips on article preparation, submission and more. 

Once your article is published, Wiley offers a variety of tools to 

help you track impact and manage publicity. Please see the Author 

Toolkit for more information. 

ASBMR RAISZ-DREZNER JOURNAL OF BONE AND 

MINERAL RESEARCH (JBMR®) FIRST PAPER AWARDS 

Lawrence G. Raisz, M.D. founded the Journal of Bone and 

Mineral Research (JBMR®)and served as Editor-in-Chief for the first 

10 years of the journal's existence. Under his leadership, the JBMR® 

expanded from a bimonthly to a monthly publication, began publishing 

the best science in bone and mineral metabolism and emerged as the 

highest-ranked journal in its field. Marc K. Drezner, M.D., built upon 

Dr. Raisz' success by maintaining the Journal's #1 ranking, expanding its 

international reach, instituting self-publishing and establishing a fully 

electronic presence for the journal. 

The ASBMR Raisz-Drezner Journal of Bone and Mineral 

Research(JBMR®) First Paper Awards honor first authors of 

meritorious scientific publications published in the JBMR®. To qualify 

for consideration, a paper must be the first JBMR® scientific paper in 

which the first author appears as first author. Among qualifying 

submissions that reach final acceptance, one such paper will be 

determined by the review committee to be of highest merit. The award 

includes a $1,000 honorarium and a plaque, both of which are presented 

to the recipient at the ASBMR Annual Meeting. 

Eligibility 

To qualify for consideration for the ASBMR Raisz-Drezner Award in 

2018, a paper must: 

• Be the first JBMR® scientific paper where the first author 

appears as first author 

• Have been submitted between July 1, 2017 and May 31, 2018 

Papers accepted for publication in the JBMR® that were 

submitted according to the eligibility guidelines noted above will be 
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