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RESUMO GERAL

Freitas Janior AC. Plataforma regular versus switching: estudo mecanico por meio de
testes laboratoriais de fadiga e analise de elementos finitos em implantes com hexagono
externo e interno [Tese]. Aracatuba: Faculdade de Odontologia da Universidade Estadual
Paulista; 2011.

Proposicdo. O objetivo do presente trabalho foi avaliar a influéncia do conceito de
plataforma switching na confiabilidade e modo de falha de restauracGes unitarias sobre
implante com hexagono externo ou interno na regido anterior da maxila.
Adicionalmente, analises de elementos finitos foram realizadas para avaliar o padrdo de
distribuicdo de tensdo dentro do complexo pilar-implante e no tecido Gsseo peri-
implantar.

Materiais e Métodos. 84 implantes foram divididos em 4 grupos (n = 21) para
realizacdo dos testes de fadiga: SWT-EH e REG-EH (implantes de conexdo externa com
plataforma switching ou regular, respectivamente); SWT-IH e REG-IH (implantes de
conexdo interna com plataforma switching ou regular, respectivamente). Analises
estatisticas de Weibull foram realizadas considerando as missdes de 50.000 ciclos a
210N e 300N. Adicionalmente, foram construidos 4 modelos de elementos finitos
considerando as mesmas variaveis para obtencao das tensdes equivalentes de von Mises
(owm) no complexo pilar-implante e das méximas tensdes principais (cmax) NO 0SSO peri-
implantar.

Resultados. Os valores de Beta para os grupos SWT-EH (1,31), REG-EH (1,55), SWT-
IH (1,83) e REG-IH (1,82) indicaram que a fadiga acelerou a falha em todos os grupos.
Os valores de confiabilidade calculados para os grupos SWT-EH, REG-EH, SWT-IH e

REH-IH foram 0,53 (0,33 - 0,70), 0,93 (0,80 - 0,97), 0,99 (0,93 - 0,99) and 0,99 (0,99 -



1,00), respectivamente. Os modos de falha (fratura do pilar e/ou do parafuso) néo
variaram em funcao do desenho da conexdo protetica (plataforma regular ou switching).
Dentro do complexo pilar-implante, os maiores valores de tensdo (oww) foram
observados no parafuso (SWT-EH = 190 MPa e REG-EH = 160 MPa) nos grupos com
implantes de hexagono externo; enquanto nos grupos com implantes de hexagono
interno os picos de tensdo estiveram no pilar (SWT-IH = 186 MPa e REG-IH = 88.8
MPa). No osso cortical, os implantes com plataforma switching geraram menor tensao
(omax) tanto para conex&o externa (SWT-EH = 49.0 MPa e REG-EH = 56.5 MPa) como
para conexdo interna (SWT-IH = 37.7 MPa e REG-IH = 45.5 MPa).

Conclus6es. Os maiores valores de o,u observados no complexo pilar-implante quando
usados implantes com plataforma switching (grupos SWT-EH e SWT-IH) resultaram
em menor confiabilidade do sistema restaurador apenas para implantes com conexéo
externa, mas ndo com conexdo interna. Independente do tipo de conexdo do implante
(externa ou interna), menor estresse 6sseo foi observado ao redor de implantes com

plataforma switching.

Palavras-chave: implantes dentais, plataforma switching, biomecanica, confiabilidade,

analise de elementos finitos.



ABSTRACT GERAL

Freitas Janior AC. Regular and switched-platform: fatigue and finite element analysis in
implants with external and internal hexagon [Thesis]. Aracatuba: UNESP - S&o Paulo
State University; 2011.

Purpose. The aim of the present study was to evaluate the effect of platform switching
concept on reliability and failure modes of anterior single-unit restorations for internal
and external hex implants. Additionally, finite element analysis were performed to
assess the stress distribution within implant-abutment complex and peri-implant bone.
Materials and Methods. 84 implants were divided in 4 groups (n=21) for fatigue tests:
REG-EH and SWT-EH (regular and switched-platform implants with external
connection, respectively); REG-IH and SWT-IH (regular and switched-platform
implants with internal connection, respectively). Weibull analysis for a mission of
50,000 cycles at 300N was performed. Additionally, 4 three-dimensional finite element
models reproducing the characteristics of specimens used in mechanical tests were
created to evaluate the equivalent von Mises stress (oyv) Within implant-abutment
complex and the maximum principal stress (omax) in the peri-implant bone.

Results. The Beta values for groups SWT-EH (1.31), REG-EH (1.55), SWT-IH (1.83)
and REG-IH (1.82) indicated that fatigue accelerated the failure of all groups. The
calculated reliability for groups SWT-EH, REG-EH, SWT-IH and REH-IH were
0.53(0.33-0.70), 0.93(0.80-0.97), 0.99(0.93-0.99) and 0.99(0.99-1.00), respectively.
Failure modes (screw and/or abutment fracture) were similar for regular and switched-
platform implants. Within implant-abutment complex, the higher peak of stress (oym)
was observed in fixation screw (SWT-EH = 190 MPa and REG-EH = 160 MPa) for

groups with external hex implants; while for groups with internal hex implants was in



abutment (SWT-IH = 186 MPa and REG-IH = 88.8 MPa). In the cortical bone,
switched-platform implants generated lower peak of stress (omax) for both external
(SWT-EH = 49.0 MPa and REG-EH = 56.5 MPa) and internal (SWT-IH = 37.7 MPa
and REG-IH = 45.5 MPa) connections.

Conclusions. The higher levels of stress observed within implant-abutment complex
when reducing abutment diameter resulted in lower reliability of the system only for
external hex implants, but not for internal hex implants. Lower stress was transferred to
peri-implant bone for switched-platform models regardless the type of implant

connection (external or internal hexagon).

Key Words: dental implants, platform switching, biomechanics, reliability, finite

element analysis.
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INTRODUCAO GERAL

Para a longevidade clinica de qualquer restauracdo implanto-suportada é
requisito fundamental que seja obtido sucesso nos aspectos mecanicos e estéticos. Dessa
forma, ndo apenas o correto posicionamento do implante, mas também um O6timo
volume dos tecidos peri-implantares sdo fatores a serem alcancados, especialmente
quando se trata de reposicdes unitarias na regido anterior da maxila." Como a correta
localizacdo dos tecidos moles peri-implantares depende da preservacdo da altura da
crista 6ssea, 0s tecidos 6sseos sdo fatores determinantes para o resultado estético final.?

Atualmente, sabe-se que o processo de remodelacdo dssea e gengival €
inevitavel apos a restauracdo do implante e consequente exposicdo do mesmo ao meio
oral, uma vez que é necessario um espaco para a formacao de um epitélio juncional e
uma faixa de tecido conjuntivo a partir da juncéo pilar-implante, onde normalmente se
encontra um “"microgap”.® Nesse contexto, é sugerido como pré-requisito para a
preservacdo da integridade das margens gengivais e da papila interdental que a perda
6ssea ndo seja superior a 1,5 mm ao longo do primeiro ano pos-restauracdo do implante,
e< 0,2 mm nos anos seguintes.*

Entre os recursos disponiveis para minimizar a perda éssea peri-implantar, a
restauracdo do implante com um pilar de menor didametro em relacdo a plataforma
protética do implante (conceito de "plataforma switching") tem sido utilizado com
frequéncia nos Gltimos anos.> ® Este conceito foi desenvolvido involuntariamente em
meados dos anos 90 quando alguns fabricantes de implantes dentais comecaram a
produzir e introduzir no mercado odontolégico os implantes de diametro largo antes de
produzir os pilares protéticos correspondentes com as mesmas medidas.” ® Quatorze

anos mais tarde, por meio de exames clinicos e radiogréaficos, foram observados
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resultados favorareis em relagcdo a preservacdo dos tecidos moles e duros em torno
daqueles implantes restaurados por pilares de menor didametro. Desde entéo, esta técnica
vem sendo difundida e aperfeicoada por clinicos, pesquisadores e empresas da area de
Implantodontia.

Ao deslocar a juncdo pilar-implante da regido do perimetro externo do implante
em direcdo ao centro do mesmo, acredita-se que 0s agentes microbianos provenientes
do infiltrado de células inflamatdrias ficariam mais afastados dos tecidos peri-
implantares e a remodelacdo éssea causada pelo estabelecimento do espago bioldgico
seria reduzida.® Além disso, haveria também mais espaco para a acomodacdo dos
tecidos moles e duros em torno da regido cervical do implante. Sob a perspectiva da
bioengenharia, tem sido sugerido que o uso de implantes com plataforma switching
melhora as caracteristicas mecanicas em relacdo a distribuicdo das cargas oclusais para
0 0sso peri-implantar.> ® 13 Mas se por um lado essa modificacdo no padrdo de
distribuicdo das tensdes promove um alivio nos tecidos peri-implantares, por outro lado
ha uma concentr¢do das tensdes nas regides mais internas do complexo pilar-implante,
principalmente no parafuso de retencdo do pilar.> *°

Apesar da associacdo do conceito de plataforma switching com menor
concentracdo de tensdo no 0sso peri-implantar e maior no complexo pilar-implante ser
defendido na maior parte dos trabalhos previamente publicados, algumas investigacdes
em animais* e humanos™ apontam para resultados distintos, reportando resultados
semelhantes para os niveis 0sseos em torno de implantes com plataforma switching ou
regular. Da mesma forma, uma simulacdo computacional demonstrou auséncia de
prejuizo mecéanico no complexo pilar-implante ao reduzir o didmetro do pilar em 0,5

mm.1®
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Além de nédo apresentar um consenso envolvendo estudos in vitro e in vivo, a
literatura pesquisada ndo fornece ainda um embasamento para responder se o possivel
aumento de tensdo no complexo pilar-implante é suficiente para afetar a confiabilidade
a longo prazo da restauracdo implanto-suportada. Considerando que o principal desafio
no desenvolvimento das conexdes protéticas reside em reduzir a incidéncia de falhas
mecénicas do sistema restaurador e ao mesmo tempo proporcionar as melhores
condi¢bes bioldgicas possiveis aos tecidos peri-implantares, o presente trabalho
investigou a influéncia do conceito de plataforma switching no comportamento
biomecanico de implantes com hexagono externo e interno. Para isso, este trabalho foi
dividido em dois capitulos. No Capitulo 1 foi realizado um estudo para avaliar a
probalilidade de falha em funcdo do tempo (teste de fadiga acelerada) a fim de observar
a confiabilidade da restauracdo implanto-suportada variando o desenho da conex&o
pilar-implante em fungdo do didmetro do pilar protético (plataforma regular ou
switching) e o tipo de conexdao do implante (hexadgono externo ou interno).
Adicionalmente, uma simulacdo computacional (analise de elementos finitos
tridimensional) reproduzindo todas as caracteristicas dos espécimes testados no estudo
laboratorial in vitro foi realizada para estudar os diferentes padrdes de distribuicdo de
tensdo em funcdo das varidveis testadas. No capitulo 2 foi realizada uma segunda
simulacdo computacional envolvendo as mesmas variaveis do estudo anterior, porém
incorporando nos modelos de elementos finitos tridimensionais as condicdes clinicas
reais ndo representadas nos modelos laboratoriais do capitulo 1, como a presenca do
0ss0 peri-implantar (osso cortical e trabecular da regido anterior da maxila) e de uma
restauracdo ceramica livre de metal. Assim, além de avaliar o padrdo de distribuigdo das
tensbes no complexo pilar-implante, também foi possivel avaliar como as tensdes foram

transferidas aos tecidos peri-implantares em funcdo das novas variaveis incorporadas.
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1.1 Resumo (Abstract)

The aim of this study was to assess the effect of abutment's diameter shifting on
reliability and stress distribution within the implant-abutment connection of anterior
single-unit restorations for internal and external hex implants. The postulated hypothesis
was that platform-switched implants would result in increased stress concentration
within the implant-abutment connection, leading to the systems lower reliability on
laboratory mechanical testing. For this, eighty-four implants were divided in four
groups (n=21): REG-EH and SWT-EH (regular and switched-platform implants with
external connection, respectively); REG-IH and SWT-IH (regular and switched-
platform implants with internal connection, respectively). Use-level probability Weibull
curves and reliability for missions of 50,000 cycles at 210N and 300N were calculated.
Four finite element models reproducing the characteristics of specimens used in
laboratory testing were created to evaluate the stress distribution (oym) at the implant,
abutment, and fixation screw. The Beta values for groups SWT-EH (1.31), REG-EH
(1.55), SWT-IH (1.83) and REG-IH (1.82) indicated that fatigue accelerated the failure
of all groups. The higher levels of o\ within the implant-abutment connection observed
for platform-switched implants (groups SWT-EH and SWT-IH) were in agreement with
the lower reliability observed for the external hex implants, but not for the internal hex
implants. The reliability 90% confidence intervals (50,000 cycles at 300N) were
0.53(0.33-0.70), 0.93(0.80-0.97), 0.99(0.93-0.99) and 0.99(0.99-1.00), for the SWT-EH,
REG-EH, SWT-IH, and REH-IH, respectively. Failure modes (screw and/or abutment
fracture) were similar for regular and switched-platform implants regardless of the
connection geometric configuration. The postulated hypothesis was partially accepted.

The higher levels of stress observed within implant-abutment connection when reducing
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abutment diameter resulted in lower reliability for external hex implants, but not for
internal hex implants. Failure modes were similar when comparing switching and

regular platforms.

KEY WORDS: dental implants, platform switching, biomechanics, reliability, finite

element analysis.
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1.2 Introducéo (Introduction)

In the first year after implant insertion and loading, early peri-implant bone loss
commonly leads to a reduction in bone height, shown to vary as a function of quality
and quantity of bone, implant and abutment designs, implant's surface structure,
insertion depths, arch region, and other factors (Manz, 2000; Bozkaya et al., 2004;
Hermann et al., 2007). An attempt to hinder this process has resulted in the development
of the platform switching concept, which consists in use of an abutment of smaller
diameter connected to a implant of larger diameter. This connection shifts the perimeter
of the implant-abutment junction inward towards the central axis (the middle of the
implant), potentially improving the distribution of forces and placing the implant-
abutment gap away from the peri-implant bone (Lazzara and Porter, 2006; Lopez-Mari
et al., 2009). It has been suggested that the inward shift of the implant-abutment gap
may physically minimize the impact of the inflammatory cell infiltrate in the peri
implant tissues, potentially reducing bone loss (Baumgarten et al., 2005; Gardner, 2005;
Duarte et al., 2006; Hermann et al., 2007; Cappiello et al., 2008; Luongo et al., 2008;
Canullo et al., 2010).

From a biomechanical perspective, previous in vitro studies (Maeda et al., 2007;
Baggi et al., 2008; Schrotenboer et al., 2008; Rodriguez-Ciurana et al., 2009; Tabata et
al., 2010; Vargas et al., 2011) have shown reduced levels of stress on peri-implant bone
in platform-switched implants relative to matched implant-abutment diameters. Such
potential for crestal bone level preservation has been shown in animal (Becker et al.,
2007; Jung et al., 2008; Cochran et al., 2009) and clinical studies.(Hurzeler et al., 2007;

Degidi et al., 2008; Canullo et al., 2010).
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On the other hand, complications with implant-abutment connections is still a
common clinical problem, especially in single-tooth replacements (Jung et al., 2008;
Quek et al., 2008; Steinebrunner et al., 2008). When considering platform-switched
implants, previous studies (Maeda et al., 2007; Tabata et al., 2010) have shown an
increased stress on the abutment and fixation screw, which may compromise the system
biomechanical performance. Controversially, several published studies (Bozkaya et al.,
2004; Becker et al., 2007; Baggi et al., 2008; Schrotenboer et al., 2008; Crespi et al.,
2009; Hsu et al., 2009; Rodriguez-Ciurana et al., 2009; Chang et al., 2010; Vargas et al.,
2011) related to the mechanics of platform-switched implants have been restricted to
analyzing the stress distribution on peri-implant bone and not on the overall system
biomechanical behavior. To date, studies evaluating the mechanical behavior of
platform-switched implants considering the stress distribution in implant-abutment
complex are scarce and restricted to computer simulations (Maeda et al., 2007; Canay
and Akca, 2009; Pessoa et al., 2010; Tabata et al., 2010), which do not consider several
clinical variables (influence of fatigue damage accumulation and wet environment)
previously reported as important factors to reproduce clinically observed failure modes
(Coelho, Silva et al. 2009).

Since the main challenges in the development of implant-abutment connection
designs comprises reducing the incidence of mechanical failures while improving the
interface between soft tissue and implant-abutment junction (Khraisat et al., 2002;
Pjetursson et al., 2004), the evaluation of reliability and failure modes supported by
evaluation of stress distribution in each component of platform-switched connections
may provide insight into the mechanical behavior of different configurations of implant-
abutment connection. Therefore, the present study sought to assess the effect of

abutment's diameter shifting (regular and switched-platform) on reliability and failure

40



Capitulo 1

modes of anatomically-correct maxillary central incisor crowns varying the geometry of
implant connection (internal and external hexagon). In order to evaluate the stress
distribution within implant-abutment complex (implant, abutment and fixation screw), a
three-dimensional finite element analysis was performed considering the variables. The
postulated hypothesis was that platform-switched implants would result in increased
stress concentration within the implant-abutment connection, leading to the systems

lower reliability when subjected to step-stress accelerated life testing (SSALT).
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1.3 Materiais e Métodos (Materials and Methods)

In vitro laboratory study: Single Load-to-Fracture (SLF) and Step-Stress Accelerated-
Life Testing (SSALT)

Eighty-four Ti-6Al-4V dental implants (SIN implants, Sdo Paulo, SP, Brazil)
were distributed in four groups (n = 21 each) varying the abutment diameter (switched
or regular platform) and the type of implant connection (internal or external hexagon)
(Figure 1 and Table 1): (1) SWT-EH (switching platform and external hexagon
implant); (2) REG-EH (regular platform and external hexagon implant); (3) SWT-IH
(switching platform and internal hexagon implant); and (4) REG-IH (regular platform
and internal hexagon implant).

All implants were vertically embedded in acrylic resin (Orthoresin, Degudent,
Mainz, Germany), poured in a 25-mm-diameter plastic tube, leaving the top platform in
the same level of the potting surface. All groups were restored with standardized central
incisor metallic crowns (CoCr metal alloy, Wirobond® 280, BEGO, Bremen, Germany)
cemented (Rely X Unicem, 3M ESPE, St. Paul, MN, USA) on the abutments, which
presented identical height but different diameters (Table 1).

For mechanical testing, the specimens were subjected to 30° off-axis loading.
Three specimens of each group underwent single-load-to-fracture (SLF) testing at a
cross-head speed of 1 mm/min in a universal testing machine (INSTRON 5666, Canton,
MA, USA) with a flat tungsten carbide indenter applying the load on the lingual side of
the crown, close to the incisal edge. Based upon the mean load to failure from SLF,
three step-stress accelerated life-testing profiles were determined for the remaining 18
specimens of each group which were assigned to a mild (n=9), moderate (n=6), and

aggressive (n=3) fatigue profiles (ratio 3:2:1, respectively) (Figure 2) (Nelson, 1990;
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Coelho et al., 2009). The prescribed fatigue method was step-stress accelerated life-
testing (SSALT) under water (environmental temperature) at 9 Hz with a servo-all-
electric system (TestResources 800L, Shakopee, MN, USA) where the indenter
contacted the crown surface, applied the prescribed load within the step profile and
lifted-off the crown surface. Fatigue testing was performed until failure (bending or
fracture of the fixation screw and/or abutment) or survival (no failure occurred at the
end of step-stress profiles, where maximum loads were up to 600 N) (Nelson, 1990;
Coelho et al., 2009). Use level probability Weibull curves (probability of failure versus
cycles) with a power law relationship for damage accumulation were calculated (Alta
Pro 7, Reliasoft, Tucson, AZ, USA) (Zhao, 2005). Reliability (90% two-sided
confidence bounds) for completion of a mission of 50,000 cycles at 210 N and 300 N
load (Paphangkorakit and Osborn, 1997) were determined for group comparisons.

Macro images of failed samples were taken with a digital camera (Nikon D-70s,
Nikon, Tokyo, Japan) and utilized for failure mode classification and comparisons
between groups. In order to identify fractographic markings and characterize failure
origin and direction of crack propagation, the most representative failed samples of each
group were inspected first under a polarized-light microscope (MZ-APO
stereomicroscope, Carl Zeiss Microlmaging, Thornwood, NY, USA) and then by
scanning electron microscopy (SEM) (Model S-3500N, Hitachi, Osaka, Japan)
(Parrington, 2002; Manda et al., 2009).
Three-Dimensional Finite Element Analysis (3D-FEA)

Four virtual 3D models were created using computer-aided design (CAD)
software (SolidWorks 2010, Dassault Systemes SolidWorks Corp., Concord, MA, USA)
following design and dimensions observed in groups SWT-EH, REG-EH, SWT-IH and

REG-IH. Each 3D CAD model represented all characteristics of the implant-abutment
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connection in order to reproduce the experimental conditions prevailing as a result of
the mechanical tests (Figure 1). The solid components of the models consisted of a
maxillary central incisor crown (Co-Cr alloy), a 50 um-thick (Li et al., 2006) resin
cement layer (Rely X Unicem), an abutment (titanium alloy), a fixation screw (titanium
alloy), an implant (titanium alloy), and a cylinder created in the CAD software with the
same dimensions of the plastic tubes used in the in vitro laboratory study (Figure 3).
The anatomically correct crown was generated from microcomputed tomography
images in .dicom format (uCT40, Scanco Medical AG, Bruttisellen, Switzerland) and its
cementation surface was designed to fit the abutments in all groups. The implant
insertion hole in the cylinder (acrylic resin) was obtained by a Boolean subtraction.

The components were assembled, imported into FEA software (Ansys
Workbench 12.0, Swanson Analysis Inc., Houston, PA, USA), meshed (Figure 3C)
(number of parabolic tetrahedral elements (de Almeida et al., 2010) between 254,513
and 288,543; and number of nodes between 433,816 and 492,803) and tested for
convergence (6%) (Huang et al., 2008) prior to mechanical simulation.

The FEA model assumptions were that: (1) all solids were homogeneous,
isotropic and linearly elastic; (2) there were no slip conditions (perfect bonding) among
components (set implant-abutment-screw, elastic modulus (E) = 110 GPa and Poisson's
ratio (v) = 0.35)(Huang, Fuh et al. 2009); (3) there was a uniform cement layer (E = 8
GPa, v = 0.33) (Coelho et al., 2009); (4) there was a crown (E = 220 GPa, v =
0.30)(Erkmen, Meric et al. 2011) with similar dimensions (13 mm height with a
mesiodistal width of 8.8 mm and buccal-lingual width of 7.1 mm) in all FEA models;
(5) there were no flaws in any components; (6) there was a six-degrees-of-freedom

(full) constraint on the bottom and lateral surface of the cylinder of acrylic resin (E =
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1.37 GPa, v = 0.30)". As in the mechanical tests, one 30° off-axis load (300 N) was
applied on the lingual side of the crown, close to the incisal edge. Regions of higher von
Mises equivalent stress (oyv) Were determined within implant-abutment connection for

all models.

“ Manufacturer's information
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1.4 Resultados (Results)

In vitro laboratory study (SLF and SSALT)

The SLF mean * standard deviation values for group SWT-EH was 1090.01 N +
140.49 N, 1204.95 N + 49.78 for group REG-EH, 960.69 + 113.85 for group SWT-IH
and 818.8 N = 105.85 N for group REG-IH.

The step-stress accelerated fatigue allows estimation of reliability at a given load
level (Table 2). The calculated reliability with 90% confidence intervals for a mission of
50,000 cycles at 300 N showed that the cumulative damage from loads reaching 300 N
would lead to restoration survival in 53% of specimens in group SWT-EH, whereas
93% would survive in group REG-EH. These values depict a statistically significant
difference between groups SWT-EH and REG-EH. On the other hand, the overlap
between the upper and lower limits of reliability values in groups SWT-IH and REG-IH
indicates no statistically significant difference in reliability of implant-supported
restorations with internal connections, regardless of abutment diameter (switching or
regular platform). For the given mission, a survival of 99% of the specimens would be
observed in both groups (SWT-IH and REG-IH). As shown in Table 2, from 99% to
100% of the specimens would survive given a mission of 50,000 cycles at 210 N,
indicating no statistically significant difference in reliability among all groups.

The step-stress derived probability Weibull plots at a 300 N load are presented in
Figure 4. The Beta (B) values and associated upper and lower bounds derived from use
level probability Weibull calculation (probability of failure vs. number of cycles) of
1.31 (0.75 - 2.28) and 1.83 (1.01 - 3.32) for platform-switched implants (groups SWT-
EH and SWT-IH, respectively), and p values of 1.55 (0.78 - 3.06) and 1.82 (1.02 - 3.25)

for regular platform implants (groups REG-EH and REG-IH, respectively) indicated
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that fatigue was an accelerating factor for all groups. The Beta value describes failure
rate changes over time (B < 1: failure rate is decreasing over time, commonly associated
with "early failures™ or failures that occur due to egregious flaws; B ~ 1: failure rate that
does not vary over time, associated with failures of a random nature; > 1: failure rate
IS increasing over time, associated with failures related to damage accumulation) (Silva
et al., 2008; Coelho et al., 2009; ReliaSoft, 2010).

Failure Modes

All specimens failed after SLF and SSALT. Failure modes for all groups are
presented in Table 3. For restorations over external hex implants (groups SWT-EH and
REG-EH) screw fracture at the third thread region was the chief failure mode (Figure
5C). In these specimens, abutments and implants were intact after mechanical tests. For
restorations over internal hex implants (groups SWT-IH and REG-IH), screw and
abutment fracture (Figure 6 B and C) were observed in all specimens after mechanical
tests. No implant fracture was observed in any group.

Observation of the polarized-light and SEM micrographs of the screw's fractured
surface allowed the consistent identification of fractographic markings, such as
compression curl, fatigue striations and dimples, which allowed the identification of
flaw origin and the direction of crack propagation (Figure 7). As per our imaging
analysis of the specimen's fractured surface, all fractures were characterized by material
tearing and exhibited gross plastic deformation, suggesting ductile fractures (Figures 6
C and 7 A,B). The resulting ductile fractures occurred as stresses exceeded the material
yield strength leaving telltale fractographic marks that indicated crack propagation from
lingual to buccal (Figure 7 C), where occlusal forces naturally occur in the anterior
region. Although a part of metallic components may fail in a brittle manner, ductile

fracture morphology is frequently observed in our specimens away from the origin. For
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example, compression curl is a fractographic feature representative of flexure failures
and results from a traveling crack changing direction as it enters a compression field
(Quinn, 2007). Usually it evidences fracture origin at the opposing tensile side (Figure 7
D). At higher magnifications (from 500x to 2,500x), fatigue striations were observed
(Figure 7 E). They emanated outward from the origin and marked successive positions
of the advancing crack front (Parrington, 2002). Also in a higher magnification (1,500x)
a dimpled surface appearance created in some areas on the fractured surface was
observed, exemplifying a typical ductile fracture in metal alloys, commonly created by
microvoid coalescence (Parrington, 2002).
3D-FEA

The values for oy within implant-abutment complex (implant, abutment and
fixation screw) are presented in Table 4, and showed that the stress distribution on
abutment and screw was strongly influenced by the abutment diameter (regular and
switched-platform) and type of implant connection (external and internal hexagon).
When reducing the abutment diameter, an increase in the oyu of 41% was observed in
the abutment connected to external hex implant (SWT-EH), while an increase in the oym
of 53% was observed in the abutment connected to internal hex implant (SWT-IH). In
the fixation screw, increases of 20% and 12% were observed in the o,u for SWT-EH
and SWT-IH, respectively. No relevant differences in the levels of o\ were observed in
the implant body when considering the variables of this study.

The highest level of stress was observed in the fixation screw for all models. In
the fixation screw, the peak of oy, was concentrated at the third thread region in all
groups (Figure 5), whereas in the abutment the peak of o, was located on the lingual

region at the cervical collar (Figure 6A).
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1.5 Discussao (Discussion)

The concept of platform switching is increasingly sought because it can be
advantageous in several clinical conditions. Previous studies (Duarte et al., 2006;
Cappiello et al., 2008; Luongo et al., 2008; Canullo et al., 2010) have demonstrated that
platform-switched abutments may not only reduce the early peri-implant bone loss and
increase the biomechanical support available to the implant, but also may improve
esthetics. Baumgarten and coworkers (Baumgarten et al., 2005) suggested that the
platform switching technique is useful when shorter implants are used, when implants
are placed in esthetic zone, and when a larger implant is desirable but prosthetic space is
limited. However, as per our laboratory and mechanical simulation results, such attempt
to minimize the bone remodeling and resorption and simultaneously improve esthetics
by reducing abutment diameter may result in higher stress concentration in the
connection components. Our simulation findings are in agreement with other recent
FEA studies (Maeda et al., 2007; Tabata et al., 2010).

Considering the relevance of a fatigue resistant implant-abutment connection for
the long-term clinical success, the present study evaluated the effect of platform
switching concept for external and internal hex implants in the reliability of maxillary
central incisor crowns using SSALT. Our results showed that fatigue damage
accumulation accelerated the failures of all tested designs, as evidenced by the resulting
B > 1 (also called the Weibull shape factor). Furthermore, a statistically significant
lower reliability (given a mission of 50,000 cycles at 300 N load) was found for
platform-switched implants with external hex (SWT-EH), but not for platform-switched
implants with internal hex (SWT-IH).

These findings may be explained based in the association among stress

distribution and system's reliability around the weakest component of the implant-
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abutment connection: the fixation screw. The higher levels of stress (oyv) in the
abutment screw observed for the external hexagon connection was associated with a
lower reliability after mechanical testing for both regular and switched-platform systems
(300N load simulation). However, it can be assumed that the slight increase (11.57%) in
stress levels (oym) observed in the fixation screw when reducing abutment diameter over
an internal hex implant (SWT-IH) was not significant to result in lower mechanical
reliability. The lower values for reliability observed in groups SWT-EH and REG-EH
were due to lower loads initiating prosthetic component failure when compared to
groups with internal hex implants (SWT-IH and REG-IH).

Worth noting is that all previous considerations were performed under mission
of 50,000 cycles at 300 N load. If a mission of 50,000 cycles at 210 N load is
considered (mean value for incisal bite force) (Paphangkorakit and Osborn, 1997), the
cumulative damage from loads reaching 210 N would lead to restoration survival of
99% to 100% of the specimens after 50,000 cycles. Thus, under normal occlusion
conditions, almost all tested specimens would present satisfactory fatigue endurance in
the wet environment used in the present study. In an attempt to simulate the oral
environment, fatigue in water was performed, which has been suggested as an important
service-related cause of failure in metals (Parrington, 2002). In order to address the
question of mechanical performance of regular vs. switched-platform restoration
performance in both external and internal connections, we utilized a metallic crown,
which eliminated the restorative crown material failure and evidenced the mechanical
performance of the different groups.

Screw fracture at the third thread region was the chief failure mode in all groups.
Those resulted as the upper part of the implant's connection in contact with the fixation

screw under off-axis loading causes the presence of a lever around the third thread

53



Capitulo 1

region of the screw (Figure 5). Moreover, fracture of the abutments were also observed
in groups with internal hex implants. Those fractures were always located on the lingual
side at the narrower region below the cervical collar. Despites the location of the peak
of oym at the external region of the cervical collar (Figure 6), the fracture occurred in the
narrower region of the abutment because this was the weakest point of the component.
It has been previously reported that the failure location is related to the design
characteristics of the implant-abutment combination, which is commonly located in the
threaded region or areas that represent a critical point for prosthetic component's
endurance due to the shift in geometry along its length and subtle alteration in cross-
sectional area (Quek et al., 2008).

Despite the stress distribution observed in the 3D-FEA being obtained from
single static loading, such as in SLF tests, which does not represent the cyclic loading
observed in oral environment and in fatigue tests (SSALT), our results suggest
improved stress distribution within the implant-abutment connection of regular-platform
models regardless of the methodology (in vitro study or finite element analysis). Thus,
the improved stress distribution may presumably be the reason for better mechanical
behavior of internally connected systems compared to the externally connected
counterparts. Concerning the geometry of implant connection (internal vs. external),
higher reliability was observed in specimens with internal connection regardless of the
abutment diameter. These findings are in agreement with other studies that pointed that
deep joints show increased stability favoring structural strength of implant systems
(Khraisat et al., 2002; Maeda et al., 2006; Steinebrunner et al., 2008) It should be noted,
however, that due to engineering design constraints such as minimum wall thickness for
proper mechanical performance of each of the different connection systems, differences

in both external and internal features of the implant, abutment, and screw designs will
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exist. While from a research standpoint it is highly desirable that only the connection is
changed with the connecting screw and implant remaining the same, such interplay is
unfeasible for when one is attempting to make clinically relevant comparisons (implants
presenting the same diameter, length, and crown size) between external and internal
connections in most commercially available systems, as alterations in the implant
external shape is usually performed by manufacturers in order to maintain tolerances for
appropriate fit and wall thickness for the internal connection robustness.

According to the literature (Gardner 2005), there are potential limitations for
using platform-switched implants, e.g. the need for components that have similar
designs (the screw access hole must be uniform) and the need for enough space to
develop a proper emergence profile. Considering that the replacement of single-unit
edentulous spaces in the anterior region with implant-supported restorations is a
challenging scenario in terms of long-term success and esthetics, it is crucial to
acknowledge the functional and mechanical limitations of the implant-abutment
connections. Therefore further in vivo and in vitro investigations of the implant-

abutment reliability combined with finite element analysis are warranted.
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1.6 Conclusoes (Conclusions)

The postulated hypothesis that platform-switched implants would result in
increased stress concentration within the implant-abutment connection, leading to the
systems' lower reliability on laboratory mechanical testing was partially accepted. The
higher levels of stress observed within implant-abutment connection when reducing
abutment diameter resulted in lower reliability for external hex implants, but not for
internal hex implants. Failure modes were similar when comparing switching and

regular platforms.
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1.8 Lista de Figuras (Legend of Figures)

Figure 1. Implant-abutment connections to be used in the mechanical tests (upper) and
finite element analysis (lower): SWT-EH and - REG-EH (switching and regular
platform connected to a external hex implant, respectively), SWT-IH and - REG-IH

(switching and regular platform connected to a internal hex implant, respectively).
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Figure 2. Step-stress profiles utilized for fatigue testing. Note that the loads started in
the neighborhood of 50-100 N ending up to 600 N.
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Figure 3. (A) 3D CAD models of the implant-abutment complex including fixation screw, abutment and implant. (B) Complete CAD model with
a cement-retained implant-supported restoration into the acrylic resin cylinder. The red arrow represents a 30° off-axis load (300 N) applied on

the crown surface. (C) Finite element mesh of the model.
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Figure 4. This graph shows the probability of failure as a function of number of cycles
(time) for tested groups simulating a mission of 50,000 cycles at 300 N. Note the left
position of the SWT-EH group (green) relative to REG-EH group (blue), and SWT-IH
group (pink) relative to REG-IH group (black), which indicates the need for more cycles

to failure in regular-platform groups compared to the switched-platform groups.



Capitulo 1 71

Figure 5. Images illustrating the peak of stress for the fixation screw in all groups. (A)
3D CAD model with abutment in transparency showing the contact area (black arrow)
at the third thread region of the screw. (B) Peak of von Mises equivalent stress (oywm) at
the third thread region of the screw. (C) Macro picture of the screw fractured at the third

thread region.
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Figure 6. Images illustrating the peak of stress for the abutments. (A) Peak of von
Mises equivalent stress (oym) located on the lingual region at the cervical collar of the
abutment. (B) Macro picture of an abutment fractured at the cervical collar region. In all
specimens, the fracture occurred in this region. (C) SEM micrograph of the region of

fracture.
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Figure 7. Representative fractured screw after SSALT depicting: (A and B) Macro
image and SEM micrograph, respectively, showing a fracture occurring at the third
thread region viewed from the screw’s long axis. (C) is a SEM micrograph (60x) of the
fractured surface of sample shown in (B). The white dotted circle shows a compression
curl which evidences fracture origin at the opposing tensile side (white box), indicating
the direction of crack propagation (dcp) (white arrow). (D) is a higher magnification
(250x) of the boxed area in (C) showing the fracture origin. (E and F) are higher
magnifications (2,000x and 1,500x, respectively) of the fractured surface showing
typical fractographic features of metallic materials: (E) fatigue striations and (F)

dimpled surface appearance.
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1.9 Lista de Tabelas (Tables)

Table 1. Characteristics of the components used in the present study.

Components SWT-EH REG-EH SWT-IH REG-IH

External hex (SUR 5011) External hex (SUR 5011) Internal hex (SIHS 5511) Internal hex (SIHS 5511)

5.0 mm diameter by 11.5 mm 5.0 mm diameter by 11.5 mm 5.0 mm diameter by 11.5 mm 5.0 mm diameter by 11.5 mm
Implant length length length length

1 prosthetic platform = 5.0mm &I prosthetic platform =5.0mm &3 prosthetic platform = 5.5mm 3 prosthetic platform = 5.5mm

Cemented (Al 4151) Cemented (Al 5051) Cemented (Al 4501) Cemented (Al 5501)

Abutment
£} platform = 4.1 mm £} platform = 5.0 mm £} platform = 4.5 mm £} platform = 5.5 mm

Screw fixation screw (PTQ2008) fixation screw (PTQ2008) fixation screw (PTQH16) fixation screw (PTQH16)
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Table 2. Calculated reliability (upper and lower limits) for tested groups given two different missions: 50,000 cycles at 300 N load and
50,000 cycles at 210 N load. The number of symbols ( * and ) depicts statistically homogeneous groups considering 90% two-sided

confidence bounds (confidence level = 0.9).

Output SWT-EH REG-EH SWT-IH REG-IH

50,000 cycles @ 300N 0.53 (0.33-0.70)*  0.93 (0.80-0.97)**  0.99 (0.93-0.99)" 0.9 (0.9 - 1.00)"

50,000 cycles @ 210 N 0.99 (0.94 - 0.99)" 0.99 (0.98 - 0.99)" 1.00 (0.99 - 1.00)" 1.00 (0.99 - 1.00)"
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Table 3. Failure modes after mechanical testing (Single-Load-to-Fracture (SLF) and Step-Stress Accelerated Life-Testing (SSALT))

according to the used failure criteria.

Groups

SWT-EH

REG-EH

SWT-IH

REG-IH

SLF
(n=3)

SSALT
(n=18)

Screw: 3 fracture
Abutment: 3 intact

Implant: 3 intact

Screw: 18 fracture
Abutment: 18 intact

Implant: 18 intact

Screw: 3 fracture
Abutment: 3 intact

Implant: 3 intact

Screw: 18 fracture
Abutment: 18 intact

Implant: 18 intact

Screw: 3 fracture
Abutment: 3 fracture

Implant: 3 intact

Screw: 18 fracture
Abutment: 18 fracture

Implant: 18 intact

Screw: 3 fracture
Abutment: 3 fracture

Implant: 3 intact

Screw: 18 fracture
Abutment: 18 fracture

Implant: 18 intact
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Table 4. Von Mises equivalent stress (oym) In MPa within the implant-abutment

complex.
Component Implant Abutment Screw

SWT-EH

228 182 365
REG-EH

225 129 305
SWT-IH

216 166 270
REG-IH

216 108.3 242
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2.1 Resumo (Abstract)

Purpose: The aim of this study was to test the hypothesis that switched-platform
implants used as anterior single-unit restorations would result in different stress patterns
within implant-abutment complex and peri-implant bone when compared with regular
platform implants on both external or internal hexagon connection configurations.
Materials and Methods: Four anatomically-correct three-dimensional finite element
models were created varying the abutment diameter and the geometry of implant
connection: REG-EH and SWT-EH (regular and switched-platform implants with
external hexagon, respectively); REG-IH and SWT-IH (regular and switched-platform
implants with internal hexagon, respectively). Qualitative and quantitative analysis
based in maximum principal stress (omax) and von Mises equivalent stress (oym) were
performed in Ansys Workbench.

Results: In the prosthetic components, the higher peak of stress (oyv) was observed in
the fixation screw (SWT-EH = 190 MPa and REG-EH = 160 MPa) for groups with
external hex implants. For internal hex implants, peak stresses were observed in the
abutment (SWT-IH = 186 MPa and REG-IH = 88.8 MPa). In the cortical bone,
switched-platform implants generated lower stress levels (omax) On both external (SWT-
EH = 49.0 MPa and REG-EH = 56.5 MPa) and internal (SWT-IH = 37.7 MPa and
REG-IH = 45.5 MPa) configurations.

Conclusions: As hypothesized, different patterns of stress distribution were observed
within implant-abutment complex and peri-implant bone. When reducing the abutment
diameter, higher levels of stress (oym) were observed in abutment and fixation screw,
while lower levels of stress (oyv and omax) Were observed in peri-implant bone
regardless the implant connection (external or internal hexagon).

Key Words: finite element analysis, platform switching, biomechanics, stress.
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2.2 Introducéo (Introduction)

A challenge scenario for the short- and long-term success in dental implantology
is to design an implant-abutment connection with a geometry that will minimize stress
concentration within the implant-abutment complex and peri-implant bone. Recently,
studies have shown that applying the platform switching concept seems to somewhat
stabilize the crestal bone loss around implants.™? This concept consists in the placement
of smaller-diameter abutment on wider-diameter implant in order to inwardly reposition
the implant-abutment gap region, placing it further away from the peri-implant bone.> *
While such repositioning has the potential of maintaining the septic reservoir that results
from the implant-abutment gap further away from bone, such configuration may result
in increased levels of stress within the implant-abutment complex and the peri-implant
bone.?>

In an attempt to minimize the mechanical problems related to implant-abutment
connections, the literature demonstrates that the internal connection shows better
performance in laboratorial tests,® ” anti-rotational stability,”® reduced rate of abutment

10-12 when

screw loosening and fracture,® ° and lower stress transferred to the bone
compared to the external connection.

Concerning the stress distribution within implant-abutment connection, several
studies have evaluated the mechanical behavior of switched-platform implants.? > *3
Tabata and coworkers® used two-dimensional finite element analysis (2D-FEA) to
report a higher stress concentration in the crown and fixation screw when varying
implant diameter as a function of abutment dimension. While valuable complex 3D-

d,5' 13, 14

FEA studies have also been performe simplifications in the anatomy of the

restorative components (absence of crown, use of simple cylindrical implant without a
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screwed surface, and others) on these investigations have limited their extrapolation to
clinical scenarios. Certainly, the presence of friable materials such as ceramic (veneer
layer and zirconia core of metal-free restorations) and resin cement layer may influence
the stress distribution on implant-supported restoration and surrounding structures.
Considering the importance of anatomically-correct representation of all
structures involved in FEA simulations to more close reproduce the clinical conditions,
and that the main challenge in the development of implant-abutment connection designs
relies on reducing the incidence of mechanical failures while improving the interface

between soft tissue and implant-abutment junction,*>

the present study sought to test
the hypothesis that switched-platform implants used as anterior single-unit restorations
would result in different stress distribution patterns within implant-abutment connection

and peri-implant bone in comparison with regular platform implants regardless the

implant connection (external or internal hexagon).
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2.3 Materiais e Métodos (Materials and Methods)

An anatomically correct 3D model of the anterior region of the maxilla was
created and assembled to the set implant-abutment-crown within a computer-aided
design (CAD) software (SolidWorks 2010, Dassault Systemes SolidWorks Corp.,
Concord, MA, USA). The implant insertion hole in the maxillary bone was obtained by
a Boolean subtraction.

Four 3D models were created with CAD software (SolidWorks 2010) varying
the abutment diameter (platform switching or regular) and the geometry of implant
connection (external or internal hexagon) (Table 1 and Figure 1A,B): (1) SWT-EH
(switched-platform and external hex implant); (2) REG-EH (regular platform and
external hex implant); (3) SWT-IH (switched platform and internal hex implant); and
(4) REG-IH (regular platform and internal hex implant). In all models, the implants
were restored with an anatomically-correct central incisor crown generated from
microcomputed tomography images in .dicom format (uCT40, Scanco Medical AG,
Bruttisellen, Switzerland). The crown height was 13 mm, with mesiodistal width of 8.8
mm and buccal-lingual width of 7.1 mm. The crowns were created with their
cementation surface subtracted to fit the abutments in all groups.

Thus, the solid components of the 3D CAD models consisted of the cortical and
trabecular bone, implant (titanium alloy), abutment (titanium alloy), fixation screw
(titanium alloy), crown (LAVA system, 3M/ESPE, St. Paul, MN, USA), and a 50 um-
thick'” resin cement layer (Rely X Unicem, 3M/ESPE, St. Paul, MN, USA) (Figure
1C,D). The materials were considered isotropic, homogeneous and linearly elastic and
their mechanical properties (elastic modulus and Poisson's ratio) were incorporated
according to the specific literature (Table 2).*%° A finite element (FE) software (Ansys

Workbench 10.0, Swanson Analysis Inc., Houston, PA, USA) was used to determine the
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regions of interest and generate the finite element mesh (Figure 1E). A parabolic
tetrahedral interpolation solid element with 0.40 mm elements was used for meshing.?
The mesh refinement was established based on the convergence of analysis (6%).% ** 8
The models showed between 518,220 and 561,333 nodes and 341,601 and 371,869
elements.

In order to simulate the mean value of incisal bite force in man, one oblique load
(30°) was applied on the lingual surface of the crown (210 N) (Figure 1D).”* As
characterization of the boundary condition a displacement equal to zero was established
on the three Cartesian axes (x =y =z = 0) and were fixed to the mesial and distal sides
of the models.

Considering that the implant-abutment complex consists of a ductile material
(titanium alloy), the von Mises equivalent stress (oym) were obtained for the implant,
abutment and fixation screw. On the other hand, as the cortical and trabecular bone are
friable materials (non-ductile materials), the maximum (omax) principal stress was also
obtained to better understand the influence of platform switching concept on peri-

implant bone.?®
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2.4 Resultados (Results)

The stress (oywv) values within implant-abutment connection (implant, abutment
and fixation screw) and in the peri-implant bone (omax and oy\) are presented in Tables
3 and 4, respectively. The results of the higher stress levels for each structure within
implant-abutment complex were grouped in an illustrative chart for comparison between
groups (Figure 2).

Considering the different abutment diameters (platform switching vs. regular) in
the same scenarios, the differences in the stress levels were relevant for both internal
and external connections. The alterations in the stress levels as a function of abutment
diameter were more evident in the abutment component. When reducing the abutment
diameter, an increase of 71.17% was observed in the o,y for abutment connected to
external hex implant (SWT-EH), while an increase of 109.45% was observed in the oym
for abutment connected to internal hex implant (SWT-IH). In the fixation screw,
increases of 18.75% and 20.16% were observed for the o,m for SWT-EH and SWT-IH,
respectively.

Within the implant-abutment connection, the highest stress levels for switched-
platform models were located in the abutment (at the bottom region of the lingual
flange), while for regular models these were located in the platform and cervical threads
of the implants (Figure 3). For the fixation screws, the peak of o, was concentrated in
the region of the third thread for all groups.

Considering an overview of the models, the peak of stress (omax and oym) was
concentrated on the lingual flange near the implant-abutment junction. Then, the loads
were transmitted to peri-implant bone generating high stress concentrations on the

lingual region of the cortical bone (Figure 4).

89



Capitulo 2

Regardless the analysis criterion adopted for evaluating the stress levels in
cortical and trabecular bone - omax Or oym - the models with switched-platform implants
(SWT-EH and SWT-IH) showed lower stress levels compared to non-switched-platform
implants (REG-EH and REG-IH). For both implant connections (external and internal
hex), the peak of omax in the cortical bone decreased 13.28% and 17.15% with the
switched-platform model compared to the regular platform model, respectively.
Considering oym, these stress values in cortical bone were 19.12% and 13.42%,
respectively. In the trabecular bone, it was also observed a decrease in omax and oy, but

with lower degrees of variation.
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2.5 Discussao (Discussion)

One of the most challenging aspects of implant therapy is the placement and
subsequent restoration in the aesthetic zone, in which the level of peri-implant bone
support and the soft-tissue dimensions are factors suggested to be critical for the
aesthetic outcome.” 2 Thus, the concept of platform switching was developed in an
attempt to hinder the process of bone remodeling and resorption, especially during the
first year after prosthetic restoration in two-piece implants. In agreement with previous
studies,* our results showed decreased stress concentration in the peri-implant bone
around switched-platform configurations, especially in the cortical bone. Presumably,
these results can be explained because the peaks of stress related to a reduced-diameter
abutment are located far away from the cortical bone. Our results showed that the use of
switched-platform abutments horizontally shifted the higher peaks of stress towards the
central axis of the implant, improving the distribution of forces from the implant-
supported restoration to the peri-implant bone. Conversely, the use of switched-platform
abutments increased the stress concentration in the set implant-abutment-fixation screw.
These findings are in agreement with most of the previous mechanical studies, * > ** but
not with Pessoa et al.'*. Pessoa et al.** did not report significant biomechanical
drawback when reducing the abutment diameter. However, they considered an
horizontal mismatch of only 0.5 mm in switched-platform implants, while in the present
study we tested a more pronounced horizontal mismatch (~ 1.0 mm).

Concerning the geometry of implant connection, higher levels of o, within
implant-abutment connection when using external hex implants regardless abutment
diameter were observed. As in the present study the modeled structures (implants and

prosthetic components) were a reproduction of those commercially fabricated by the
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manufacturer, all implants presented 5.00 mm diameter by 11.5 mm length, and the
prosthetic platform in internal hex implants were 0.5 mm larger than in external hex
implants. Thus, the diameter of implant's prosthetic platform should also be considered
for the stress concentration on peri-implant bone. Therefore, when considering stress
distribution on peri-implant bone, no comparisons involving groups of implants with
different geometry for implant connection (external or internal hexagon) were
performed in the present study. It should be noted that due to engineering design
constrains such as minimum wall thickness for proper mechanical performance of each
of the different systems does result in differences in both external and internal features
of the implant, abutment, and screw designs. While from a research standpoint it is
highly desirable that only the connection is changed with the connecting screw and
implant remaining the same, such interplay is unfeasible for when one is attempting to
make clinically relevant comparisons (implants presenting the same diameter, length,
and crown size) between external and internal connections in most commercially
available systems, as alterations in the implant external shape is usually performed by
manufacturers in order to maintain tolerances for appropriate fit and wall thickness for
the internal connection robustness.

Regarding the bone-to-implant interface, the current study considered the
implants fully osseointegrated. Therefore, the bone-to-implant interface was assumed to
be bonded in our finite element models. For this, a Boolean operation into the CAD
software (SolidWorks 2010) was performed to establish the implant insertion in the
maxilla. All these structures were meshed based in a convergence study accomplished
in the models to verify the influence of element size on the obtained results. Thus,
convergence was assumed to be achieved when the peak von Mises equivalent stress

(oum) and maximum (omax) principal stress did not vary by more than 6%.% ** 8
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Although most of the published work have reported favorable aspects as regards

stress distribution in peri-implant bone when reducing the abutment diameter,** some

2 2
|5 IG

animal® and clinical® studies showed no difference in bone levels around platform-
switched and non-switched-platform implants. Therefore, there is no consensus between
authors about the platform switching concept and some aspects involving the biological

aspects related to this subject need to be better explained.
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2.6 Conclusoes (Conclusions)

The postulated hypothesis that switched-platform implants used as anterior
single-unit restorations would result in different stress distribution within implant-
abutment complex and peri-implant bone was confirmed. When the implant-abutment
junction was horizontally repositioned inwardly and away from the peri-implant bone
(concept of platform switching), increased levels of stress were observed within
implant-abutment complex, while decreased levels of stress were observed in the peri-

implant bone.
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2.8 Lista de Figuras (Figures)

Figure 1. Three-dimensional finite element models of (A) regular and (B) switched-platform implants. (C,D) Solid components of the 3D CAD
models (implant, screw, abutment, cement-retained crown, cortical and trabecular bone). In (D) is possible to note the load applied on the crown

surface. (E) Finite element mesh of the model.
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Figure 2. Chart showing oym values (MPa) for implant, abutment and fixation screw in
the models SWT-EH (red), REG-EH (blue), SWT-IH (green) and REG-IH (yellow).
The pictures above the graphic of lines show the peak of stress for each structure

considering external (left) and internal (right) hex implants.
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Figure 3. Stress distribution within implant-abutment complex. For (A) regular
platform implants, lower o\ values (MPa) were observed at implant-abutment junction
(lingual side) compared to (B) switched-platform implants. The pointers in (A) and (B)
show high stress concentration in the implant-abutment junction for switched-platform
connections compared to regular platform, in which the stress is widespread. In (C) the
black arrows show the high peak of stress (areas in red-orange) repositioned inwardly

and away from the outer edge of the implant platform.
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Figure 4. (A) Stress distribution on the implant-abutment junction in a switched-
platform model. The stress magnitude (MPa) is showed in the vertical bar by colour
scale (red, 1 stress value; blue, | stress value). Thus, the higher levels of stress were
observed on the lingual region of the structures. (B, C, D and E) Stress distribution in
the cortical bone for all models showing higher peak of stress in the lingual side, where

occlusal forces naturally occur.
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2.9 Lista de Tabelas (Tables)

Table 1. Characteristics of implants and prosthetic components (SIN implants, Séo Paulo, SP, Brazil) modeled in the study.

Components SWT-EH REG-EH SWT-IH REG-IH

External hex (SUR 5011) External hex (SUR 5011) Internal hex (SIHS 5511) Internal hex (SIHS 5511)

5.0 mm diameter by 11.5 mm 5.0 mm diameter by 11.5 mm 5.0 mm diameter by 11.5 mm 5.0 mm diameter by 11.5 mm
Implant length length length length

{1 prosthetic platform = 5.0mm 4 prosthetic platform = 5.0mm &3 prosthetic platform = 5.5mm &3 prosthetic platform = 5.5mm

Cemented (Al 4151) Cemented (Al 5051) Cemented (Al 4501) Cemented (Al 5501)
{1 platform = 4.1 mm {1 platform = 5.0 mm {1 platform = 4.5 mm {1 platform = 5.5 mm

Abutment

Screw fixation screw (PTQ2008) fixation screw (PTQ2008) fixation screw (PTQH16) fixation screw (PTQH16)
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Table 2. Mechanical properties of the materials modeled in the study.

Elastic Modulus

Material Poisson’s ratio References
(GPa)
Implant 110 0.35 Huang et al. (2008)
Abutment 110 0.35 Huang et al. (2008)
Fixation Screw 110 0.35 Huang et al. (2008)
Crown (coping) 205 0.19 Coelho et al. (2009)
Crown (veneer) 70 0.19 Coelho et al. (2009)
Resin Cement 8 0.33 Coelho et al. (2009)
Cortical Bone 13.8 0.26 Huang et al. (2008)
Trabecular Bone
1.6 0.30 Kao et al (2008)

(type HH1)*

* Type of bone present in the anterior region of the maxilla.
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Table 3. Von Mises equivalent stress (oywv) in MPa on implant-abutment connection.

Component Implant Abutment Screw

SWT-EH

171 190 190
REG-EH

169 111 160
SWT-IH

132 186 89.4
REG-IH

129 88.8 74.4
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Table 4. Maximum principal stress (omax) and von Mises equivalent stress (oym) in the

cortical and trabecular bone.

Group Cortical Bone Trabecular Bone
Omax (MPa) OyM (MPa) O max (MPa) OvM (MPa)
SWT-EH 49.0 64.7 10.9 9.52
REG-EH 56.5 80.0 12.0 9.70
SWT-IH 37.7 49.7 2.75 8.65

REG-IH 455 574 2.83 9.14
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3.1 Anexo A

Normas da revista “Journal of Biomechanics” selecionada para publicacéo do
artigo do Capitulo 1 (Biomechanical Evaluation of Internal and External Hexagon
Platform Switched Implant-Abutment Connections: An In Vitro Laboratory and Three-

Dimensional Finite Element Analysis.).

Journal of Biomechanics

Affiliated with the American Society of Biomechanics, the European Society
of Biomechanics, the International Society of Biomechanics, the Japanese
Society for Clinical Biomechanics and Related Research and the Australian
and New Zealand Society of Biomechanics.

ISSN: 0021-9290
Imprint: ELSEVIER

Guide for Authors

The following types of manuscripts can be submitted for publication:

1. Surveys, normally 4000 to 6000 words (by invitation from the Editor only). 2. Original
Articles, normally 2000 to 3000 words (3000 words approximately equals the content of 12
double-spaced manuscript pages with additional space for 8 to 10 figures or tables), although
longer articles may occasionally be considered by the editors in special circumstances. Original
articles typically explore some explicit biological hypothesis or report original but substantial
observations or data of broad utility. Conceptually novel experimental or computational
methods may be submitted as Original Articles when their relevance and importance for
research of biological questions is demonstrated or otherwise emphasised in the text.

3. Perspective Articles, typically in the range of 500-2000 words. These manuscripts will
explore controversial yet important themes, allowing expression of particular views or

speculations, yet based on a solid understanding of published scientific information. Currently,
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such articles are by invitation only.

4. Short Communications, in the range of 500 to 1500 words, reporting preliminary
observations, new interpretations of old data, simple new techniques or devices, or points of
historical interest.

5. Book Reviews, normally no longer than 1000 words (by invitation from the Book Review
Editor only).

6. Letters to the Editor normally no longer than 1000 words.

Other material that can be published

1. Announcements of relevant scientific meetings on biomechanics.

2. Announcements of employment opportunities.

Publication condition

A manuscript submitted to this journal can only be published if it (or a similar version) has not
been published and will not be simultaneously submitted or published elsewhere. A violation of
this condition is considered fraud, and will be addressed by appropriate sanctions. Two
manuscripts are considered similar if they concern the same hypothesis, question or goal, using

the same methods and/or essentially similar data.

Submissions

Authors are requested to submit their original manuscript and figures online via

=+http://ees.elsevier.com/bm/. This is the Elsevier web-based submission and review system.

You will find full instructions located on this site - a Guide for Authors and a Guide for Online
Submission. Please follow these guide lines to prepare and upload your article. Once the

uploading is done, our system automatically generates an electronic pdf proof, which is then
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used for reviewing. All correspondence, including notification of the Editor's decision and

requests for revisions, will be managed via this system.

Paper submissions are not normally accepted. If you cannot submit electronically, please email

the editorial office for assistance on JBM@elsevier.com

Authors or publishers wishing to have a book reviewed should send a copy to the Book Review
Editor; the decision to review the book and choice of reviewers is that of the editor, although

reviewers may be suggested.

What information to include with the manuscript

1. Having read the criteria for submissions, authors should specify in their letter of transmittal,
and on the title page, whether they are submitting their work as an Original Article, Perspective

Article, Short Communication, or a Letter to the Editor.

2. All authors should have made substantial contributions to all of the following: (1) the
conception and design of the study, or acquisition of data, or analysis and interpretation of data,
(2) drafting the article or revising it critically for important intellectual content, (3) final
approval of the version to be submitted. A letter of transmittal should be included stating this

and that each of the authors has read and concurs with the content in the manuscript.

3. All contributors who do not meet the criteria for authorship as defined above should be listed
in an acknowledgements section. Examples of those who might be acknowledged include a
person who provided purely technical help, writing assistance, or a department chair who
provided only general support. Authors should disclose whether they had any writing assistance

and identify the entity that paid for this assistance.
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4. At the end of the text, under a subheading "Conflict of interest statement" all authors must
disclose any financial and personal relationships with other people or organisations that could
inappropriately influence (bias) their work. Examples of potential conflicts of interest include
employment, consultancies, stock ownership, honoraria, paid expert testimony, patent

applications/registrations, and grants or other funding.

5. All sources of funding should be declared as an acknowledgement at the end of the text.
Authors should declare the role of study sponsors, if any, in the study design, in the collection,
analysis and interpretation of data; in the writing of the manuscript; and in the decision to
submit the manuscript for publication. If the study sponsors had no such involvement, the

authors should so state.

6. Only papers not previously published will be accepted; each manuscript must be
accompanied by a statement signed by all co-authors that the material within has not been and
will not be submitted for publication elsewhere except as an abstract. Emphasis will be placed

upon originality of concept and execution.

7. Authors are encouraged to suggest referees although the choice is left to the editors. If you
do, please supply the address and the email address, if known to you. Please do not include

those with whom you have had active collaboration within the past 3 years.

Randomised controlled trials

All randomised controlled trials submitted for publication in the Journal should include a

completed Consolidated Standards of Reporting Trials (CONSORT) flow chart. Please refer to

the CONSORT statement website at =+http://www.consort-statement.org for more information.

The Journal of Biomechanics has adopted the proposal from the International Committee of

Medical Journal Editors (ICMJE) which require, as a condition of consideration for publication
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of clinical trials, registration in a public trials registry. Trials must register at or before the onset
of patient enrolment. The clinical trial registration number should be included at the end of the
abstract of the article. For this purpose, a clinical trial is defined as any research project that
prospectively assigns human subjects to intervention or comparison groups to study the cause-
and-effect relationship between a medical intervention and a health outcome. Studies designed
for other purposes, such as to study pharmacokinetics or major toxicity (e.g. phase | trials)

would be exempt. Further information can be found at =+www.icmje.org.

Ethics

Work on human beings that is submitted to the Journal of Biomechanics should comply with the
principles laid down in the Declaration of Helsinki; Recommendations guiding physicians in
biomedical research involving human subjects. Adopted by the 18th World Medical Assembly,
Helsinki, Finland, June 1964, amended by the 29th World Medical Assembly, Tokyo, Japan,
October 1975, the 35th World Medical Assembly, Venice, Italy, October 1983, and the 41st
World Medical Assembly, Hong Kong, September 1989. The manuscript should contain a
statement that the work has been approved by the appropriate ethical committees related to the
institution(s) in which it was performed and that subjects gave informed consent to the work.
Studies involving experiments with animals must state that their care was in accordance with
institution guidelines. Patients' and volunteers' names, initials, and hospital numbers should not

be used.

Changes to Authorship

This policy concerns the addition, deletion, or rearrangement of author names in the authorship
of accepted manuscripts:
Before the accepted manuscript is published in an online issue: Requests to add or remove an

author, or to rearrange the author names, must be sent to the Journal Manager from the
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corresponding author of the accepted manuscript and must include: (a) the reason the name
should be added or removed, or the author names rearranged and (b) written confirmation (e-
mail, fax, letter) from all authors that they agree with the addition, removal or rearrangement. In
the case of addition or removal of authors, this includes confirmation from the author being
added or removed. Requests that are not sent by the corresponding author will be forwarded by
the Journal Manager to the corresponding author, who must follow the procedure as described
above. Note that: (1) Journal Managers will inform the Journal Editors of any such requests and
(2) publication of the accepted manuscript in an online issue is suspended until authorship has
been agreed.

After the accepted manuscript is published in an online issue: Any requests to add, delete, or
rearrange author names in an article published in an online issue will follow the same policies as

noted above and result in a corrigendum.

Review and publication process

1. You will receive an acknowledgement of receipt of the manuscript.

2. Submitted manuscripts will be reviewed by selected referees and subsequently, the author
will be informed of editorial decisions based on the referee comments, as soon as possible. As a
rule, manuscripts and photographs, or other material you have submitted will not be returned to

you with the decision letter, only the referee comments will be included.

3. If your manuscript was conditionally accepted, you must return your revision with a separate

sheet, addressing all the referee comments, and explaining how you dealt with them.

4. When returning the revised manuscript to the Editorial Office, make sure that the manuscript
number, the revision number (Rev. 1,2,3. . ) and the designation Original/Copy are clearly typed

on the top of the title pages of the original manuscript and all copies.
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5. When the final version of the manuscript is accepted, the corresponding author will be

notified of acceptance and the manuscript will be forwarded to production.

6. Upon acceptance of an article, authors will be asked to sign a "Journal Publishing

Agreement" (for more information on this and copyright see =+http://ees.elsevier.com/bm/).

Acceptance of the agreement will ensure the widest possible dissemination of information. An
e-mail (or letter) will be sent to the corresponding author confirming receipt of the manuscript
together with a '‘Journal Publishing Agreement' form. If excerpts from other copyrighted works
are included, the author(s) must obtain written permission from the copyright owners and credit
the source(s) in the article. Elsevier has preprinted forms for use by authors in these cases:
contact Elsevier's Rights Department, Philadelphia, PA, USA: Tel. (+1) 215 238 7869; Fax (+1)

215 238 2239; e-mail healthpermissions@elsevier.com . Requests may also be completed online

via the Elsevier homepage (=+ http://www.elsevier.com/locate/permissions).

7. One set of page proofs in PDF format will be sent by e-mail to the corresponding author (if
we do not have an e-mail address then paper proofs will be sent by post). Elsevier now sends
PDF proofs which can be annotated; for this you will need to download Adobe Reader version 7

available free from =xhttp://www.adobe.com/products/acrobat/readstep2.html. Instructions on

how to annotate PDF files will accompany the proofs. The exact system requirements are given

at the Adobe site: =+http://www.adobe.com/products/acrobat/acrrsystemregs.html#70win. If you

do not wish to use the PDF annotations function, you may list the corrections (including replies
to the Query Form) and return to Elsevier in an e-mail. Please list your corrections quoting line
number. If, for any reason, this is not possible, then mark the corrections and any other
comments (including replies to the Query Form) on a printout of your proof and return by fax,
or scan the pages and e-mail, or by post. Please use this proof only for checking the typesetting,
editing, completeness and correctness of the text, tables and figures. Significant changes to the

article as accepted for publication will only be considered at this stage with permission from the
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Editor. We will do everything possible to get your article published quickly and accurately.
Therefore, it is important to ensure that all of your corrections are sent back to us in one
communication: please check carefully before replying, as inclusion of any subsequent
corrections cannot be guaranteed. Proofreading is solely your responsibility. Note that Elsevier

may proceed with the publication of your article if no response is received.

8. After publication, the corresponding author, at no cost, will be provided with a PDF file of
the article via e-mail. The PDF file is a watermarked version of the published article and
includes a cover sheet with the journal cover image and a disclaimer outlining the terms and

conditions of use.

Supplementary Website material

Elsevier now accepts electronic supplementary material to support and enhance your scientific
research. Supplementary files offer the author additional possibilities to publish supporting
applications, movies, animation sequences, high-resolution images, background datasets, sound
clips and more. Supplementary files supplied will be published online alongside the electronic
version of your article in Elsevier web products, including ScienceDirect

=http://www.sciencedirect.com. In order to ensure that your submitted material is directly

usable, please ensure that data is provided in one of our recommended file formats. Authors
should submit the material in electronic format together with the article and supply a concise
and descriptive caption for each file. For more detailed instructions please visit:

=+http://ees.elsevier.com/bm/.

This journal offers electronic submission services and supplementary data files can be uploaded

with your manuscript via the web-based submission system, =+http://ees.elsevier.com/bm.

Preparation of the manuscript
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1. All publications will be in English. Authors whose ‘first' language is not English should

arrange for their manuscripts to be written in idiomatic English before submission.

2. Authors should bear in mind that readers potentially include scientists from various
disciplines. Abstracts, introductions and discussions should be in relatively non-specialised
language so that a broad biomechanics audience may understand them. Discussions should
include an appropriate synthesis of relevant literature for those not intimately familiar with the

specific field. Implications for other fields should be noted.

3. A separate title page should include the title, authors' names and affiliations, and a complete
address for the corresponding author including telephone and fax numbers as well as an E-mail
address. Authors should supply up to five keywords. Keywords may be modified or added by
the Editors. Please provide a word count (Introduction through Discussion) on the title page. All

pages, starting with the title page, should be numbered.

4. An abstract not exceeding one paragraph of 250 words should appear at the beginning of each
Survey, Original Article, Perspective Article or Short Communication; the abstract will serve
instead of a concluding summary and should be substantive, factual and intelligible without

reference to the rest of the paper.

5. Papers involving human experiments should contain a statement in the Methods section that
proper informed consent was obtained. Papers involving animal experiments should contain a
statement in the Methods section that the experiments conducted were within the animal welfare

regulations and guidelines for the country in which the experiments were performed.

6. Acknowledgements should be included after the end of the Discussion and just prior to the

References. Include external sources of support.
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7. The text should be ready for setting in type and should be carefully checked for errors prior

to submission. Scripts should be typed double-spaced.

8. All illustrations should accompany the typescript, but not be inserted in the text. Refer to
photographs, charts, and diagrams as ‘figures' and number consecutively in order of appearance
in the text. Substantive captions for each figure explaining the major point or points should be

typed on a separate sheet.

Please make sure that artwork files are in an acceptable format (TIFF, EPS or MS Office files)
and are of the correct resolution. Information relating to the preferred formats for artwork may

be found at =+http://www.ees.elsevier.com/bm/.

If, together with your accepted article, you submit usable colour figures then Elsevier will
ensure, at no additional charge, that these figures will appear in colour on the web (e.g.,
ScienceDirect and other sites) regardless of whether or not these illustrations are reproduced in
colour in the printed version. For colour reproduction in print, authors will be charged at current
printing prices unless colour printing has been requested free of charge, at the discretion of the

editors.

9. All key references related to methods must be from published materials; submitted
manuscripts, research reports, or theses which would be unavailable to readers should be
avoided. References are indicated in the text alphabetically by names of the authors and the year
of publication, e.g. Ralston (1957) or (Brown and Shaw, 1984; Lai et al., 1978). The full
references should be collected in a separate section at the end of the paper in the following

forms:

A. Journals:

123



Anexo A

The reference should include the title of the paper, the title of the journal in full and the first and
last page number.
Belardinelli, E. Cavalcanti, S., 1991. A new non-linear two-dimensional model of blood motion

in tapered and elastic vessels. Computers in Biology and Medicine 21, 1-3.

B. Books:

If the work referred to is a book, or part of a book, the reference should be in the following
form:

Weiner, S., Traub, W., 1991. Organization of crystals in bone. In: Suga, S., Nakahara, H. (Eds.),
Mechanisms and Phylogeny of Mineralisations in Biological Systems. Springer, Tokyo, pp.

247-253.

C. Theses
van Werff, K., 1977. Kinematic and dynamic analysis of mechanisms. A finite element

approach. PhD. thesis, Delft University Press, Delft.

D. Proceedings
van Soest, A. J., van den Bogert, A. J., 1991. Criteria for the comparison of direct dynamics
software systems to be used in the field of biomechanics. In Proceedings of the 3rd International

Symposium on Computer Simulation in Biomechanics. University of Western Australia, Perth.

E. Footnotes
As distinct from literature references, should be avoided. Where they are essential, superscript

Arabic numbers should be employed.

10. SI (Metric) Units must be used for all quantities in text, figures and tables. It is suggested
that a complete list of symbols used and their explanation be included, in a notation section at

the beginning of the manuscript.
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11. Authors submitting manuscripts reporting data on cell responses to mechanical loads should
report their study according to the standards suggested in the Editorial accompanying our

special Issue on cell mechanics (Volume 33, Issue 1).

Agreements with Funding Bodies

Elsevier has established agreements and developed policies to allow authors who publish in this
journal to comply with manuscript archiving requirements of the following funding bodies, as
specified as conditions of researcher grant awards. Please see

m=wWww.elsevier.com/wps/find/authorsview.authors/fundingbodyagreements for full details of

the agreements that are in place for these bodies:

* Arthritis Research Campaign (UK)

* British Heart Foundation (UK)

* Cancer Research (UK)

» Howard Hughes Medical Institute (USA)
» Medical Research Council (UK)

* National Institutes of Health (USA)

» Wellcome Trust (UK)

These agreements and policies enable authors to comply with their funding body's archiving
policy without having to violate their publishing agreements with Elsevier. The agreements and
policies are intended to support the needs of Elsevier authors, editors, and society publishing
partners, and protect the quality and integrity of the peer review process. They are examples of
Elsevier's ongoing engagement with scientific and academic communities to explore ways to

deliver demonstrable and sustainable benefits for the research communities we serve.

Authors who report research by funding bodies not listed above, and who are concerned that
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their author agreement may be incompatible with archiving requirements specified by a funding
body that supports an author's research are strongly encouraged to contact Elsevier's author

suppor

t team (AuthorSupport@elsevier.com). Elsevier has a track-record of working on behalf of our
authors to ensure authors can always publish in Elsevier journals and still comply with archiving

conditions defined in research grant awards.
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3.2 Anexo B

Normas da revista “The International Journal of Oral & Maxillofacial
Implants” selecionada para publicacdo do artigo do Capitulo 2 (Stress distribution
within implant-abutment complex and peri-implant bone considering platform switching

concept for internal and external connections. A 3D finite element analysis).

The International Journal of Oral & Maxillofacial Implants
Author Guidelines

Submit manuscripts via JOMI's online submission service:
WWW.manuscriptmanager.com/jomi

Manuscripts should be uploaded as a PC Word (doc) file with tables and figures
preferably embedded at the end of the document. No paper version is required.

Acceptable material.

Original articles are considered for publication on the condition they have not been
published or submitted for publication elsewhere (except at the discretion of the
editors). Articles concerned with reports of basic or clinical research, clinical
applications of implant research and technology, proceedings of pertinent symposia or
conferences, quality review papers, and matters of education related to the implant field
are invited.

Number of authors.

Authors listed in the byline should be limited to four. Secondary contributors can be
acknowledged at the end of the article. (Special circumstances will be considered by the
editorial chairman.)

Review/editing of manuscripts.

Manuscripts will be reviewed by the editorial chairman and will be subjected to blind
review by the appropriate section editor and editorial staff consultants with expertise in
the field that the article encompasses. The publisher reserves the right to edit accepted
manuscripts to fit the space available and to ensure conciseness, clarity, and stylistic
consistency, subject to the author's final approval.

Adherence to guidelines.
Manuscripts that are not prepared according to these guidelines will be returned to the
author before review.

MANUSCRIPT PREPARATION
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The journal will follow as much as possible the recommendations of the
International Committee of Medical Journal Editors (Vancouver Group) in
regard to preparation of manuscripts and authorship (Uniform requirements for
manuscripts submitted to biomedical journals. Ann Intern Med 1997;126:36—
47).

See www.icmje.org.

Manuscripts should be double-spaced with at least a one-inch margin all
around. Number all pages. Do not include author names as headers or footers on
each page.

Title page. Page 1 should include the title of the article and the name, degrees,
title, professional affiliation, and full address of all authors. Phone, fax, and e-
mail address must also be provided for the corresponding author, who will be
assumed to be the first-listed author unless otherwise noted. If the paper was
presented before an organized group, the name of the organization, location, and
date should be included.

Abstract/key words. Page 2 of the manuscript should include the article title, a
maximum of 300-word abstract, and a list of key words not to exceed 6.
Abstracts for basic and clinical research articles must be structured with the
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