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RESUMO?

O objetivo deste estudo busca foi avaliar a distribuicdo e
magnitude de tensdes em implantes Arcsys® de diferentes
didmetros e de pilares angulados com diferentes alturas de
transmucoso, e sua capacidade de resistir a cargas compressivas. A
pesquisa foi dividida em 2 artigos para poder dar enfoques
diferentes & cada um dos fatores observados neste estudo, sendo
eles, o didmetro do implante e a altura do transmucoso do pilar.
Dessa forma, o primeiro artigo buscou avaliar o comportamento a
fratura de implantes de 3 diferentes diametros (3,3, 3,8 € 4,3 mm),
e 0 segundo artigo buscou comparar os pilares com diferentes
alturas de transmucoso (2,5 e 5,5 mm). Os implantes de ambos 0s
artigos foram montados com a mesma configuracdo para o teste.
Os espécimes foram colocados em um dispositivo que posicionou
0s corpos de prova em 45° e utilizando um pistdo metalico de ponta
plana em uma maquina universal de testes foi realizada a
compressao dos conjuntos até a fratura dos corpos de prova ou até

uma queda de 100 N da carga de fratura. O momento fletor foi

8 Eduardo dos Santos Rodrigues
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calculado com base na ISO 14801:2016. Os dados foram
estatisticamente analisados com ANOVA 1 fator e pos-teste de
Tukey (p < 0,05). Apds a falha, todos os espécimes foram
observados em estereomicroscopio e foram categorizados em 3
modos de falha: fratura, deformacéo e intacto. No primeiro artigo,
foram encontradas fraturas em todos os implantes 3,3 e 3,8, e
somente deformacdo nos implantes 4,3. Nos pilares observou-se
que os pilares dos dois primeiros grupos estavam intactos, porém
no grupo mais largo foram encontradas deformacdes nos pilares.
No segundo artigo, os pilares de diferentes alturas foram testados
com implantes 4,3, pois foi 0 Unico grupo em gue Sse encontrou
deformacBGes no pilar. No estereomicroscopio observou-se a
deformacdo de todos os pilares de 2,5 mm de transmucoso e de
40"% dos pilares de 5,5 mm de transmucoso. Na andlise de
elementos finitos, avaliando-se o didmetro dos implantes com a
mesma altura de pilar, observa-se que o aumento o didmetro é
proporcional & redugdo da concentragdo de tensdes no sistema.
Quando se avalia as diferentes alturas de transmucoso, observa-se
gue a medida que se aumenta a altura de transmucoso observa-se
um aumento das tensGes no pilar, porém essas tensbes sdo

reduzidas no implante.

Palavras-chave: implantes dentérios, teste in vitro, elementos

finitos, protese dentéria, titanio.

13



14



ABSTRACT?®

The aim of this study was to evaluate the distribution and
magnitude of stresses in Arcsys® implants of different diameters
and angled abutments with different transmucosal heights, and
their ability to resist compressive loads. The research was divided
into 2 articles in order to give different approaches to each of the
factors observed in this study, namely, the diameter of the implant
and the height of the transmucosal pillar. Thus, the first article
sought to assess the fracture behavior of implants of 3 different
diameters (3.3, 3.8 and 4.3 mm), and the second article sought to
compare abutments with different transmucosal heights (2.5 and
5.5 mm). The implants of both articles were assembled with the
same configuration for the test. The specimens were placed in a
device that positioned the specimens at 45° and using a flat-tipped
metallic piston in a universal testing machine, the sets were
compressed until the specimens fractured or until a drop of 100 N

from the fracture load. Bending moment was calculated based on

b Effect of implant diameter and abutment height on frictional morse
connection fracture load: in vitro test and finite element analysis
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ISO 14801:2016. Data were statistically analyzed with 1-way
ANOVA and Tukey's post-test (p < 0.05). After failure, all
specimens were observed under a stereomicroscope and were
categorized into 3 failure modes: fracture, deformation, and intact.
In the first article, fractures were found in all implants 3.3 and 3.8,
and only deformation in implants 4.3. In the columns, it was
observed that the columns of the first two groups were intact, but
in the wider group, deformations were found in the columns. In the
second article, abutments of different heights were tested with
implants 4,3, as this was the only group in which deformations in
the abutment were found. Under the stereomicroscope,
deformation of all 2.5 mm transmucosal pillars and 40% of the 5.5
mm transmucosal pillars were observed. In finite element analysis,
evaluating the diameter of implants with the same abutment height,
it is observed that the increase in diameter is proportional to the
reduction in the concentration of stresses in the system. When
evaluating the different heights of the transmucosal, it is observed
that as the height of the transmucosal increases, there is an increase
in tensions in the abutment, but these tensions are reduced in the

implant.

Keywords: dental implants, in vitro test, finite elements, dental

prosthesis, titanium.
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INTRODUCAO

A colocacdo dos implantes dentais para reabilitacdo com
préteses implantossuportadas tem se tornado cada vez mais
frequente no Brasil, de forma que, cerca de 800 mil implantes séo
colocados e 2,4 milhGes de componentes sdo utilizados ao ano no
pais (1). Por isso o desenvolvimento de materiais mais resistentes
e conexBes mais estaveis sdo essenciais para durabilidade a longo
prazo no tratamento com implantes (2,3).

Desde o desenvolvimento dos implantes dentarios enddsseos
diversas inovacGes foram realizadas, tanto na sua superficie, para
reduzir o tempo de osseointegracdo (4), como na conexao com a
coroa protética para melhorar a resisténcia biomecanica (5). Dentre
elas é possivel citar, desenvolvimento de conexdes implante/pilar
mais estaveis, mudancas do diametro e comprimento dos implantes
dentérios, utilizacdo de novas ligas metalicas e utilizacdo de ligas
ceramicas, mudancas nas caracteristicas micro e macrogeométricas
dos implantes (2,6,7).

As frequentes inovagfes na implantodontia torna complexa

a escolha do sistema de implante/conexdo mais apropriado, pois a
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utilizacdo de novas metodologias nem sempre resultam em
melhores resultados clinicos a longo prazo (8). Dessa forma, é
necessaria a compreensdao do desempenho dos sistemas de
implantes dentarios para que sejam alcancadas altas taxas de
sucesso nas reabilitagdes.

Dentre as inovagGes na conexdo implante-pilar, o cone
Morse (CM) mostrou uma maior manuten¢do dos tecidos
periimplantares a longo prazo quando comparado com 0s sistemas
Hexagono Interno (HI) e Hexagono Externo (HE) (9-11),
possivelmente devido aos melhores resultados de formagéo de
microgap e selamento bacteriano do CM comparado com 0s outros
sistemas (9). A transferéncia das tensGes para os tecidos
circundantes quando as cargas sdo aplicadas axialmente ¢é
semelhante entre os sistemas (10), porém, quando é utilizada a
plataforma switching menores valores na distribuicdo de estresses
para a regido periimplantar sdo encontradas (12,13).

Mecanicamente, a maioria dos estudos encontrou resultados
favoraveis ao CM (3,9,14-16), enquanto alguns encontraram
resultados favoraveis ao HE (17,18). Nos diferentes sistemas de
implante diversos fatores podem influenciar no afrouxamento do
pilar/parafuso protético que, consequentemente, podem ocasionar
a deformagdo do parafuso do pilar ou mesmo do implante. Estes
fatores podem estar relacionados ao parafusos protético: como

forca de pré-carga e valor de torque de apertamento, repetidos
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ciclos de apertamento e afrouxamento do parafuso, desenho das
roscas, material, didmetro e comprimento do pescog¢o do parafuso;
ou relacionados ao implante: sistema de implante, liga de titanio,
posicionamento do implante; ou até mesmo relacionados ao pilar:
material do pilar, adaptacdo do pilar ao implante, falhas na
fabricacdo do pilar e da coroa protética, altura e angulacao do pilar
(19).

Falha mecénica € considerada tanto o afrouxamento do
parafuso protético/pilar como a fratura do parafuso/pilar/implante.
As falhas mecénicas encontradas no implante CM estdo
relacionadas principalmente a fina espessura das paredes da
plataforma em implantes estreitos (20), a espessura das paredes da
plataforma do componente em contato com o implante quando é
utilizado o parafuso passante e ao fino didmetro do parafuso
passante utilizado (21). A fratura de implantes e/ou componentes
protéticos é uma situacdo clinica de resolucdo complexa (22-27)
que pode levar, em algumas situacOes, a inutilizagdo ou remocéo
do implante (28,29), por isso, a escolha inadequada das
caracteristicas do implante ou do componente pode fazer com que
a longevidade clinica do tratamento seja comprometida.

Como a falha mecénica dos implantes CM ocorre na maioria
das vezes no parafuso protético comegou-se a utilizar o cone Morse
sem parafuso (friccional), em que, utilizando-se de um martelete,

o pilar é ativado sobre o implante proporcionando um aumento de
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atrito entre as superficies, gerando o fendmeno de solda fria. Para
competir no mercado nacional de implantes dentéarios, em 2016, o
Sistema Arcsys® (FGM, Joiville, Brasil) chegou ao mercado
brasileiro utilizando o cone Morse Friccional (CMF) associado aos
implantes estreitos. Nesta configuracdo, o implante dentario foi
fabricado com liga de titanio grau 5 e os componentes fabricados
com a liga de aco inoxidavel ASTM F138-13a (30).

Estudos clinicos com CMF relatam auséncia de fratura de
implantes ou pilares, auséncia de afrouxamento de pilares em
préteses parciais fixas maltiplas e préteses fixas de arco completo,
e baixa ocorréncia de afrouxamento em coroas protéticas unitarias
(entre 0,37%, a 0,65% em um tempo de avaliacdo entre 4 anos e 10
anos) (31). Em acompanhamento do desempenho de implantes
estreitos (didametro de 3,3mm) por 10 anos foi encontrado o
afrouxamento 0,3% dos pilares (32). Com relagdo aos implantes
curtos, os implantes de comprimento de 8 mm apresentaram 0,45%
pilares sofreram afrouxamento em em 10 anos (33), e de
comprimento de 6,5mm (implantes extra-curtos) 1,5% dos pilares
afrouxaram em 5 anos (34). Em carga imediata, 5% dos pilares
(3/57 implantes) afrouxaram em 2 anos de acompanhamento (35),
e 0,5% (3/594 pilares) em 11 anos (36). Todos os pilares frouxos
encontrados nos estudos foram recolocados e ndo voltaram a soltar.

Em um estudo clinico, 20 pacientes foram reabilitados com

overdentures suportadas por dois implantes dentérios (4mm de
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didmetro e 12 mm de comprimento) na regido de caninos
inferiores, sendo colocado um implante CMF de um lado e no outro
lado um implante cone Morse com pilar indexado (CMPI) e
parafuso protético. Apés 1 ano de acompanhamento nao foi
encontrada fratura ou afrouxamento de nenhum dos
implantes/componentes, ndo sendo encontradas diferengas
estatisticamente significantes nos resultados mecénicos e
biol6gicos (37).

A literatura € incipiente quanto a avaliacdo da influéncia do
didmetro do implante e da altura do transmucoso na distribuicao de
tensBes e desempenho mecanico de cone-morse friccional. Por este
motivo, este estudo busca analisar a distribui¢cdo e magnitude de
tensBes em implantes Arcsys® de diferentes diametros e de pilares
angulados com diferentes alturas de transmucoso, e sua capacidade

de resistir a cargas compressivas.
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PROPOSICAO

1 Objetivo geral

Avaliar a carga maxima de fratura, a distribuicdo e a magnitude de
tensGes no sistema cone Morse friccional em diferentes
configuracBes de didmetro de implante e altura de pilar, por meio

de carregamento monotdnico e analise de elementos finitos.
2 Objetivos especificos

A. Avaliar e comparar a distribuicdo de tensGes no conjunto
implante e pilar em diferentes configuracdes, utilizando a
aplicacdo de carga ndo-axial em andlise de elementos finitos
(in silico).

B. Comparar a carga de fratura de conjuntos de implantes cone
Morse de diferentes diametros (3,3; 3,8 e 4,3) e pilares
angulados em 20° com 2 diferentes alturas de transmucoso (2,5
e 5,5 mm) em teste de carregamento ndo-axial monotdnico.

C. Avaliar em estereomicroscopio o modo de falha das diferentes

configuragbes do sistema e comparéa-las com as &reas de
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concentragdo de tensbes encontradas na simulagdo em

elementos finitos.

HipoGteses testadas:

e Hipotese 1 - diferentes configuraces de implante e pilar ndo
interfere a distribuicdo e magnitude de tensdes.

e Hipotese 2 - diametro do implante ndo interfere na carga de
fratura do sistema.

e HipoOtese 3 - altura do transmucoso do componente ndo
interfere na carga de fratura do sistema.

e Hipdtese 4 — 0 modo de falha sera similar entre as diferentes

configuracdes implante e pilar.
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Abstract

Statement of a problem: foldable abutment simplifies the
rehabilitation with angled implants. However, while different
implant diameter would interfere in the mechanical behavior of the
system is unclear. Purpose: the aim of this study was to compare
the load bearing capacity of screwless implants of different
diameters using compressive monotonic testing and in silico
analysis.

Materials and methods: Arcsys (FGM) morse taper implants
(n=10) were selected with 13 mm in length and 3 diameters: narrow
implant (NI — 3.3mm), regular implant (Rl — 3.8mm) and wide
implant (WI — 4.3 mm). Screwless abutments were attached to the
implant and folded at 20°. Hemispherical zirconia caps were placed
over the abutments. In the monotonic compressive test (ISO
14801:2016), the load was applied at 45° (moment arm) and
crosshead speed of 0.5 mm/min until implant/abutment fracture or
load drop of 100 N. Mean load at fracture of the groups was
compared using One-way ANOVA and Tukey post-hoc test (5%
significance). Finite element analysis (FEA) was designed as the
compressive strength test, however the tested force was 170 N for
all groups. The stress distribution was analyzed with von Mises
stress.

Results: Significant differences on failure load were found between

the groups (p<0.05). The WI demonstrated higher fracture load and
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bending moment then the other groups, while the NI had the lowest
fracture loads and bending moment. In FEA, it was observed that
the increase in the implant diameter is proportional to the stress
distribution reduction in the assembly.

Conclusion. Wide implants showed higher load-bearing capacity

and lower implant fractures than narrower implants.

Keywords: dental implants, dental implant-abutment design,

compressive strength, finite element analysis.

CLINICAL IMPLICATIONS

Using wider implants is advantageous to the mechanical
performance of the implant-abutment assembly, since they support
higher loads without fractures and favors the deformation of the
abutment, which, in the clinical situation results simply on the

prosthetic component and prosthesis replacement.
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Introduction

The number of rehabilitations using implants can reach 23%
of American adults treated in 2026 (1). Biologic and technical
complications are frequently reported for implant-supported
crowns after 5 years of function, such as bone loss (7%), fracture
of veneering material (6.5%), loss of retention (4.3%), abutment
screw loosening (2.1%) and abutment fracture (0.4%) (2). Several
innovations have been made in dental implants to improve the
performance of these rehabilitations (3,4), such as the development
of more stable implant / abutment connections, changes in the
diameter of dental implants and the use of new metal alloys (5-7).

Among the implant systems used today, the Morse taper
implant is more favorable for peri-implant tissues (8,9) and fatigue
studies have found favorable results for the Morse taper implants
comparing to other connections (9-12), while some have found
favorable results for the external connection (13,14).

The choice of the most appropriate implant system is
difficult (15). The improper characteristics of the implant or the
abutment can compromised the clinical longevity of the treatment
by biological or mechanical complications (16-18). The
mechanical failures found in the Morse taper implant are mainly
related to the thin thickness of the platform walls in narrow

implants (19), the thickness of the abutment in contact with the
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implant when using abutment screw, and the thin diameter of the
screw (20). Implant fracture can be related to implant diameter,
location in the mouth and parafunctional habits (griding/bruxism).
As narrow implants are frequently used in anterior and pre-molars
region, they suffer higher stresses than molars region due to off
axis (lateral) forces (16). The fracture of implants and/or prosthetic
components is a clinical situation of complex solving (21-26) that
can lead, in some situations, to the need for implant removal
(27,28). For this reason, the development of stronger materials and
more stable connections are essential for long-term durability in
implant treatment. (6,11).

In 2016, the Arcsys® System (FGM, Joinville, Brazil)
reached the Brazilian market using the Screwless Morse taper
(SMT) associated to narrow implants. The grade 5 titanium alloy
was used for the dental implant and the ASTM F138-13a stainless
steel alloy was used for the components (29). The stability of SMT
connection is possible due to the large contact pressure and
resulting frictional resistance, also called tapered interference fit,
eliminating the problems that arise from abutment screws (30,31).

Mechanical complications (abutment loosening or
abutment/implant fracture) are found in SMT implants. The
loosening of the abutment in single crowns have being reported in
literature ranging from 0.3% to 1.5% (32-38), while some studies

find no loose abutment (39-42). Increased crown-to-implant length
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ratio on single tooth implants have a significant effect in the
loosening of maxillary anterior abutments, and fracture of 2 mm
diameter abutments in posterior region (43).

Finite element analysis (FEA) is an adequate method to
simulate the stress distribution in the implant/abutment connection
and to predict where the plastic deformation or fracture can occur
(44-47). This analysis can improve the understanding of the stress
behavior SMT implants of different diameters when the abutment
is activated and occlusal forces are applied (48).

Hence, this study compared the mechanical behavior of
SMT implants with different diameters mounted with angulated
abutments using compressive monotonic test and in silico analysis.
The tested hypothesis is that the diameter of the implant has no
influence on the stress distribution and load-bearing capacity of the

system.

Materials and methods

SMT implants (n=30) (Arcsys, FGM, Joinville, SC, Brazil)
of 13 mm length with three different diameters (3.3 mm, 3.8 mm
and 4.3 mm) were obtained for this study. An isophthalic glass
fiber-reinforced resin-based composite (20 mm length x 19 mm
diameter), which has an elastic modulus of approximately 13 GPa
(49), was used as bone analog (50). Arcsys drills for each implant

diameter were used to obtain a perforation of 10 mm deep in each
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block. The implants were screwed in the perforation leaving 3 mm
of their surface uncovered by the analog, to simulate a bone loss
situation.

Foldable abutments (n=30, Arcsys®, FGM) (2.5 mm
transmucosal height x 6 mm height x 4.2 mm width) were
assembled to the implants, producing 3 groups (Figure 1.1)
according to the implant diameter (n=10): narrow (NI), regular (RI)
and wide implant (WI1). All foldable abutments were folded at 20°
with Arcys abutment folding device to test the components in the
worst condition. Abutments were placed in the implants and
activated three times with abutment placement tool as
recommended by manufacturers. Custom hemispherical zirconia
caps were placed over the abutments to simulate the implant-

supported crowns.

ol

Figure 1.1 — Representative images of each group assembly under
testing: A- Narrow diameter, 3.3mm; B — regular
implant, 3.8 mm, and C- Wide implant, 4.3 mm.

The samples were placed in 45° off-axis loading device as
most implant fractures happens in anterior region (16). The
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compressive monotonic test was performed according to the ISO
14801:2007 (51). The load was applied by a metal flat piston in a
universal testing machine (Instron, model 2310, S&o José dos
Pinhais, Brazil) at a crosshead speed of 0.5 mm/min until failure.
Failure was defined as fracture of implant/abutment connection, or
a force drop of 100 N. The maximum loading force (F, in N) was
recorded.

The moment arm was defined as | x sen 45°, which | was
defined as 11 mm. The bending moment was calculated by the
equation M =1 x sen 45° x F (52) and was reported in Nmm.
Shapiro-Wilk’s normality test (P = 0.147) and Levene’s
homogeneity test (P = 0.087) was performed for ultimate failure
load and bending moment results showing that the data were
normally distributed. One-way ANOVA and Tukey post-hoc test
(p < 0.05) were performed using SigmaPlot 11.0 (Systat Software,
Chicago, IL, USA).

After failure, the specimens were analyzed in binocular
stereomicroscope (Zeiss, STEMI 2000-C) at 40 x magnification.
Implant and abutment failure modes were categorized as fracture,
deformation or intact, which was considered the implants or
abutments that had no visible plastic deformation, crack or fracture
in the stereomicroscopic evaluation.

In addition, computer-aided design (CAD) models of holder

block, implants, abutments and cap were created using
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SolidWorks® 2017 (Dassault Systemes, SolidWorks Corps., USA)
through a number of relevant measurements of the components
with digital caliper (Starret). Same groups of the compressive
testing were assembled in the 3D software. The length of implant
and the dimensions of abutment, bone block and hemispherical cap
were constant in all models. The length of implant was 13 mm and
the dimension of abutment was 2.5 transmucosal height x 6 mm
height x 4.2 mm width. The implant models were virtually
implanted in the cylinder block with 20 mm length and 19 mm
diameter.

CAD models were exported to the finite element analysis
software Ansys Workbench 15.0 (Ansys Inc., Canonsburg, PA,
USA) and the structures for analysis were considered isotropic,
homogeneous, and linearly elastic. The material considered for
each component was: isophthalic glass fiber-reinforced resin-based
composite for the holder block, titanium grade 5 (Ti 6Al 4V Eli)
for implant, ASTM F138 for abutment and zirconia for
hemispherical loading cap. The properties of the materials are
reported in Table 1.1 (46,49,53,54).

Table 0.1 - Mechanical properties of material used for FEA.

Component/material Young’s Poisson Ratio
Modulus (GPa)

Holder Block (Isophthalic) 13.11 0.44
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Implant (Ti G5) 114 0.33

Abutment (ASTM F138) 187.5 0.33

Loading cap (Zirconia) 200 0.31

A nonlinear analysis was conducted assuming that the
contact between loading cap - abutment were bonded, also between
holder block — implant to simulate complete osseointegration. A
frictional contact of 0.3 (54) was considered between the inner
surface of implant and outer surface of abutment. Moreover, a
cylindrical support was added to the outer face of the block. The
element type was tetrahedral element with four nodes for all the
components. The mesh was refined in the contact areas and a
convergence study with 5% was employed to validate the finite
element model (55). The total number of elements in the analyzed
models ranged from 120021 to 157762 and the total number of
nodes ranged from 182936 to 236319.

To comprehend the behavior of the stress distribution in
implant/abutment connection a force load of 170 N (56) was
applied to the hemispherical cap with a 45° inclination to the long
axis of the implant. The implants and abutments were analyzed

according to the equivalent Von Mises stress analyses.

Results
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The means and the standard deviations (SD) of the loading
force for each experimental group are shown in Table 1.2. A
difference between the groups was found (p = <0.001). The group
WI presented the highest failure loads, while the group NI

presented the lowest value.

Table 0.2 — Mean and standard deviation of the loading force (N).

Groups n Mean £ SD (N)*
NI 10 478.189 + 48.53 ¢
RI 10 720.897 + 36.65 ©
wi 10 857.810 + 74.15*

*Different letter in the same column indicates statistical differences
between the groups (p < 0.05)

The means and the standard deviations (SD) of the bending
moment are shown in Table 1.3 and in Figure 1.2. There was
statistically difference between all groups (p = <0.001). The group
NI had the lowest value when compared to other groups, and the

group WI had the highest bending moment.

Table 0.3 — Mean and standard deviation of the bending moment
(Nmm).

Groups N Mean + SD (Nmm)

NI 10 3,734.65 + 379.05¢
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RI 10 5,630.20 + 286.24 °

Wi 10 6,699.49 + 579.18"

*Different letter in the same column indicates statistical differences

between the groups (p < 0.05)

The frequency of observed failure modes is presented in
Table 1.4. Images representing each mode of failure observed in the
study are presented in Figure 1.2. In the stereomicroscopic
evaluation, it was observed that all narrow and regular implants had
plastic deformation followed by fracture after compressive strength
test. All plastic deformations occurred in the inner edge of the
implant platform in the direction of the applied force. Most implant
fractures were located in the third root of the screw thread in the
opposite side of the deformed platform. The plastic deformation
observed in the implants of WI group was smaller than in the other
groups. All abutments in narrow and regular implants groups were
intact, while all abutments in the wide implant group had

deformation in the abutment neck.

Table 0.4 - Failure mode of the specimens.

Fracture Deformation Intact
Implant 10 - -
NI
Abutment - - 10
Implant 10 - -
RI
Abutment - - 10
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Implant - 10 -

Abutment - 10 -

Figure 1.2 — Representative images of failure modes: A - Fracture
located in the third root; B — Plastic deformation of
NI platform showing the maximum stress region; C —
Fracture located in the 4" root, and D — Plastic
deformation of RI platform.

The numerical study results (Table 1.5) were
proportionally compared with titanium grade 5 ultimate tensile
strength of 1190 MPa (57) and stainless steel tensile strength at
break of 2200 MPa (58).

Table 0.5 -Maximum von Mises stress (MPa ).

Implant Abutment
NI 44749 6546,8
RI 4268 6227,1
wi 3986,7 5199,2
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The qualitative results of the implants and abutments tested
models shows the von Mises stress distribution with red
representing the highest stress value, followed by yellow, green
and blue for lowest values (Figure 1.3). Under the same loading
conditions, the stress distribution of the models were similar

showing that the maximum stress was located in the abutment neck

followed by the implant platform in all models.

Figure 1.3 — Representative images of the stress distribution: A —
Abutment showing in the bottom the maximum stress; B — NI group
showing in the inside the maximum stress; C — Rl group and D —

WI group.

Discussion
The results of this study showed that the load-bearing
capacity is improved with the increase on the implants diameter,

rejecting the study hypothesis. This result agrees with the literature
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that also demonstrate higher fracture loads and bending moment of
zirconia-implant assemblies with 4.0 mm to 4.5 mm implant
platform, compared to 3.1 mm to 3.5 mm platforms. The size of the
implant plays a major role in improving its strength, but the use of
wide implants is difficult due to the bone thickness (59). As the
bone width is often critical, an option is the use of 3.1 mm diameter
implants, which has no statistical difference when compared to
narrower implants as mini-implants (2.8 and 2.3 mm diameter), but
has significant difference when compared to regular implant (4.1
mm diameter) (60).

A study compared the deformations in the collar of Kopp®
frictional implants with diameters of 4.3 mm and 5.5 mm, and
CMPI Neodent® implants of 3.5 mm and 5 mm after compression
with load of 100 N. Greater deformations was found in the collars
of smaller diameter Neodent implants (41). In the present study, in
addition to deformation, implants with a smaller diameter
presented fracture of the implant body in the contact area with the
abutment. In addition to the diameter size of the implant, the stress
is distributed by the screwless connection, reducing the
deformation in the wide implants.

Another study compared the load-bearing capacity of
different implants (4.3 mm x 13 mm): Morse taper with solid
abutment (CMPS) and internal hexagon (HI) with indexed

abutment and screw. The maximum force values were higher in

38



Morse taper implants, which presented no fractures, but permanent
deformations in the implant platform and in the abutment neck
(42), corroborating the findings of the present study for the largest
diameter implant group (WI).

In a published finite element analysis, the stress distribution
of extra-short CMF implants (Arcsys®, FGM) was evaluated using
Ti-6Al-4V alloy for the implant and stainless steel for the
abutment. The maximum stresses were concentrated on the inner
edge of the implant platform in contact with the conical surface of
the abutment, followed by the stresses located in the cone of the
abutment (43). In this study it’s possible to observe the same peek
stress in the implant platform, however as the abutments were
angulated for compressive testing there was a peek stress in the
neck of the abutment where it’s folded.

Using wider implants is advantageous to the mechanical
performance of the implant-abutment assembly, since they support
higher loads without fractures and favors the deformation of the
abutment, which, in the clinical situation results simply on the
prosthetic component and prosthesis replacement.

In Finite Element Analysis (FEA) favorable stress
distribution in the cortical bone region were found in 5.0 mm
diameter implant comparing to 3.75 mm implant (61)
independently of connection type (62)(63), even when compared

with traditional Morse taper implants (64). However, due to the
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presence of stainless steel in Arcsys® abutments, high stress
concentration can be found at the implants (54), resulting on the
implant fractures observed in the present study.

The maximum voluntary bite force in the first molar region
can vary from 508 N to 978 N, and the bruxism force in the same
region can vary from 153 N to 796 N (65). Therefore, placing
small-diameter implant in this critical area could result in fracture
of the implant or permanent deformation of both implants and
abutment.

The finite element method has been used in dentistry to
achieve greater understanding of biomechanical behavior and need
to be carefully extrapolated to clinical settings (23). Thus, when
combined with well-designed clinical studies, the results of the
current study could guide new strategies for addressing challenges
associated with managing stress distribution in implant dentistry.
However, the results should be interpreted with caution due to
limitations such as factors related to the methodology, computer
simulation and linearity elastic analysis, which consider bone
tissue to be isotropic and homogenous and apply static occlusal
loading (24,25). Therefore, additional controlled and randomized
clinical studies should be conducted in order to fully explore and
evaluate the clinical implications of various biomechanical
parameters in implant dentistry. Within the limitation of this study

can conclude that the increase in diameter was favorable for
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improved stress distribution in the cortical bone region, regardless

of the connection type. Morse taper implants were associated with

lower stress concentration than other connections, especially

during off-axis loading.
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Abstract

Statement of the problem: foldable abutment of different
transmucosal length increases the rehabilitation possibilities when
an angled implant and different mucosa thickness is present.
However, whether the abutment length contributes or not to the
hole implant system behavior is not elucidated in the literature.
Purpose: the aim of this study was to investigate the effect of
screwless foldable abutments with different transmucosal heights
on the fracture load, mode of failure and stress distribution of
morse taper abutment-implants system.

Materials and methods: Arcsys (FGM) screwless morse taper
implants (n=20) with 4.3 mm width x 13 mm length were divided
into 2 groups (n=10) according to the transmucosal height: short
abutment (WS, 2.5 mm) and long abutment (WL, 5.5 mm). The
abutments attached to the implant were folded at 20° Na
hemispherical zirconia cap was placed on the abutment. The
assemblies were submitted to a monotonic compressive test
following the 1SO 14801:2016. A gradual load (0.5 mm/min) was
applied at 45° (moment arm) until implant/abutment failure
(fracture or load drop of 100 N). Groups were compared using One-
way ANOVA and Tukey post-hoc test (5% significance). Finite
element analysis (FEA) was designed as the compressive strength
test, however the tested force was 170 N for all groups. The stress

distribution was analyzed with von Mises stress.
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Results: Significant differences on failure load and bending
moment were found between the groups (p<0.05). It was found
higher fracture load in the WS group, however, in the bending
moment calculation the WL group presented higher values. In
FEA, it was observed that the increase in the transmucosal height
is proportional to the stress distribution reduction in the implant,
however there was an increase in the maximum stress of the
abutment.

Conclusion. Short transmucosal height abutment showed higher
load-bearing capacity, however, long transmucosal height
abutments presented higher bending moment. The increase of
transmucosal height presented better stress distribution to the
implant, however there was an increase in the maximum stress to

the abutment.

Keywords: dental implants, dental implant-abutment design,

compressive strength, finite element analysis.

CLINICAL IMPLICATIONS

Using long transmucosal height associated to stainless steel
abutment is advantageous to the mechanical performance of the
implant-abutment assembly, since the steel supports higher loads
without fractures and bring a protective effect to the assembly,

reducing the probability of deformation of the abutment and the
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implant. The use of foldable abutment is a secure option to adjust
the angulation of the abutment.
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Introduction

The fracture of implants or prosthetic components is a
clinical situation of complex resolution (1-6) that can result in the
abutment or, in some cases, in the removal of the implant (7,8). For
this reason, the development of alternative types of connections
are essential for the longevity of the rehabilitation with implant-
supported prosthesis (9,10).

The Arcsys® System (FGM, Joinville, Brazil) is a Screwless
Morse taper (SMT), made of grade 5 titanium alloy, that are
compatible with stainless steel alloy foldable abutments available
in different transmucosal height to fulfill the requirements of the
presented clinical situation, such as angled implants, mucosa of
different thickness and heights (11).

The clinical studies sought in the literature that analyzed the
mechanical complications (abutment loosening or
abutment/implant fracture) in SMT implants report few failures in
this type of connection, the most common complication was
loosening of the abutment in single crowns that ranged from 0.3%
to 1.5% (12-18), all the prosthetic abutments were reinserted and
no further loosening was observed during the observation period.
Some studies didn’t find any loose abutment (19-22). No abutment
or implant fracture was found in the clinical studies.

Increasing the collar height also increases the crown-to-

implant ratio (C:1I), which can increase the marginal bone loss (23)
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and potentially influences the mechanical behavior of the implant-
abutment assembly. A study evaluated loosening of the prosthetic
screw under fatigue testing different transmucosal heights (0.8, 3.5
e 5.5 mm), finding no statistically difference between the groups
(24). Foldable abutments are a suitable and safe option to modify
the abutment angulation to place the prosthesis in the correct
position, without the costs of keeping a large stock of different
components (25,26).

In Finite Element Analysis (FEA) favorable stress
distribution were found in SMT implants (27), even when
compared with traditional Morse taper implants (28). However,
due to the presence of stainless steel in Arcsys® abutments, this
can lead to high stress concentration at the implant (29).
Therefore, the aim of this study is to investigate the effect of
screwless foldable abutments with different transmucosal heights
on the fracture load, mode of failure and stress distribution of
morse taper abutment-implants system, testing the hypothesis that
the length of the abutment has no influence on the mechanical

behavior of the system.

Materials and methods

A total of 20 foldable abutments with two different
transmucosal height (2.5 mm and 5.5 mm) were assembled in 20
SMT implants (Arcsys, FGM, Joinville, SC, Brazil) of 4.3 mm
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width x 13 mm length, resulting in two experimental groups (n =
10): short abutment (WS) and long abutment (WL).

Most procedures involving the sample assembly to the
compressive test was performed according to I1ISO 14801:2007
(30). The stabilization of the assembly at 45° off-axis loading (31)
was the only adaptation of the ISO to test the implants with the
incisal guide angle (32), as most implant fractures happens in
anterior region (33). Implants were placed in a 20 mm length x 19
mm diameter isophthalic glass fiber-reinforced resin-based
composite which has an elastic modulus of approximately 13 GPa
(34) serving well as “bone-like” analog (35). Arcsys drills for each
diameter were used for perforation at 10 mm deep in each block.
Implants were screwed until it had 3 mm of implant surface
uncovered to simulate bone loss condition.

All foldable abutments for cement-retained restoration
(Arcsys®, FGM) were folded at 20° with Arcys abutment folding
device to test the components in the worst condition. Abutments
were placed in the implants and activated three times with
abutment placement tool as recommended by manufacturers.
Custom zirconia hemispherical loading members were placed over
the abutments to be tested in the maximum compressive strength
test (Figure 11.1).

56



A

Figure 11.1 — Representative images of each group assembly
under testing: A- short abutment; B — long abutment

The compressive strength test was performed with a metal
rod in a universal testing machine (Instron, model 2310, Sdo José
dos Pinhais, Brazil) with a load cell of 10 kN and crosshead speed
of 0.5 mm/min. The loading force (F) was applied to the specimens
until failure, which was defined as fracture of implant/abutment
connection or a force drop of 100 N. The maximum load required
to fracture or to deform the components was recorded in Newtons.

The moment arm was defined as | x sen 45°. For specimens
with 2.5 mm transmucosal height abutment | was defined as 11
mm, and for 5.5 mm specimens it was 14 mm. The bending
moment was calculated by the equation M = | x sen 45° x F (36)
and was reported in Nmm. Shapiro-Wilk’s normality test (P =
0.147) and Levene’s homogeneity test (P = 0.087) was performed
for ultimate failure load and bending moment results showing that
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the data were normally distributed. One-way ANOVA and Tukey
post-hoc test (p < 0.05) were performed using SigmaPlot 11.0
(Systat Software, Chicago, IL, USA).

In the compressive strength test the ultimate failure load was
recorded and the bending moment was determined. Shapiro-Wilk’s
normality test (P = 0.456) and Levene’s homogeneity test (P =
0.083) was performed for compressive strength and for bending
moment (P = 0.816 and P = 0.220) showing that the data were
normally distributed. One-way ANOVA and Tukey post-hoc test
(p < 0.05) were performed for both results using SigmaPlot 11.0
(Systat Software, Chicago, IL, USA).

After failure, the specimens were separated and were
analyzed in binocular stereomicroscope (Zeiss, STEMI 2000-C) at
40 x magnification. Implant and abutment failure modes were
categorized as fracture, deformation or intact, which was
considered the implants or abutments that had no visible
deformation, crack or fracture in the stereomicroscope.

In addition, computer-aided design (CAD) models of holder
block, implants, abutments and cap were created using
SolidWorks® 2017 (Dassault Systémes, SolidWorks Corps., USA)
through a number of relevant measurements of the components
with digital caliper (Starret). Same groups of the compressive

testing were assembled in the 3D software.
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CAD models were exported to the finite element analysis
software Ansys Workbench 15.0 (Ansys Inc., Canonsburg, PA,
USA) and the structures for analysis were considered to be
isotropic, homogeneous, and linearly elastic. The material
considered for each component was: isophthalic glass fiber-
reinforced resin-based composite for the holder block, titanium
grade 5 (Ti 6Al 4V Eli) for implant, ASTM F138 for abutment and
zirconia for hemispherical loading cap. The properties of the
materials are reported in Table 11.1 (29,34,37,38).

Table 10.1 - Mechanical properties of material used for FEA.

Component/material Young’s Poisson Ratio
Modulus (GPa)

Holder Block (Isophthalic) 13.11 0.44
Implant (Ti G5) 114 0.33
Abutment (ASTM F138) 187.5 0.33
Loading cap (Zirconia) 200 0.31

The length of implant and the dimensions of abutment and
the bone block were constant in all models. The length of implant
was 10 mm and the dimension of abutment was 6 x 4.2 mm and the
cylinder block were 20 x 20 mm. A nonlinear analysis was
conducted assuming that the contact between loading cap -

abutment were bonded, also between holder block — implant to
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simulate complete osseointegration. A frictional contact of
0.36(39) was considered between the inner surface of implant and
outer surface of abutment. Moreover, the mesial and distal edges
of the cortical shell were fixed. The element type was C3D4
(tetrahedral element with four nodes) for all the components. The
mesh was refined in the contact areas and a convergence study was

employed to validate the finite element model. The total number of

elements in the analyzed models ranged from 280,180 to 333610
and the total number of nodes ranged from 398539 to 469385
(Figure 11.2).

Figure 11.2 — Images of mesh convergence: A- Group WS and B —
group WL.
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To comprehend the behavior of the stress distribution in
implant/abutment connection a force load of 170 N (40) was
applied to the hemispherical cap with a 45° inclination to the long
axis of the implant. The implants and abutments were analyzed

according to the equivalent Von Mises stress analyses.

Results

The means and the standard deviations (SD) of the
maximum load registered for experimental groups are shown in
Table 11.2. There was a statistical difference between WS and WL.
plants with 2.5 mm transmucosal height abutments had higher

failure loads than implants with 5.5 mm abutments

Table 10.2 — Mean and standard deviation of the loading force
(N) of the experimental groups.

Groups n Mean + SD (N)*
WS 10 857.810 + 74.15 #
WL 10 767.933 +4549°

* Different letter in the same column shows statistical differences (p <
0.05).

The means and the standard deviations (SD) of the bending
moment in the compressive test are shown in Table 11.3. Implants
with 5.5 mm transmucosal height abutments had higher bending

moment than implants with 2.5 mm abutments.
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Table 10.3 — Mean and standard deviation of the bending moment
(Nmm).

Groups N Mean £ SD (Nmm)
WS 10 6,699.49 + 579.18°
WL 10 7,633.25 + 452.24 A

*Values followed by different letter in the same column are statistically
different (p < 0.05)

The frequency of observed failure modes is presented in
Table I1.4. Images representing each mode of failure observed in
the study are presented in Figure 11.2. In the stereomicroscopic
evaluation, it was observed that all implants had plastic
deformation in the inner edge of the implant platform in the
direction of the applied force. The plastic deformation observed in
the implants of WL group was smaller than in the WS group.
Deformation of the abutments neck was the most frequent failure

observed in both groups.

Table 10.4 - Failure mode of the specimens according to the
experimental group.

Fracture Deformation Intact
WS Implant - 10 -
Abutment - 10 -
WL Implant - 10 -
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Abutment - 4 6

Figure 1.3 — Representative images of failure modes: A - Plastic
deformation of the WS group showing the stress
concentration in the platform; B — Plastic
deformation of the WL platform.

The numerical study results (Table 1.5) were
proportionally compared with titanium grade 5 ultimate tensile
strength of 1190 MPa (41) and stainless steel tensile strength at
break of 2200 MPa (42).

Table 0.5 -Maximum von Mises stress (MPa ).

Implant Abutment
WS 4811,3 6165,2
WL 4119,3 8250,3

The qualitative results of the implants and abutments tested
models shows the von Mises stress distribution with red
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representing the highest stress value, followed by yellow, green
and blue for lowest values (Figure 11.4). Under the same loading
conditions, the stress distribution of the models was similar

showing that the maximum stress was located in the abutment neck

followed by the implant platform in all models.

Figure 1.4 — Representative images of the stress distribution: A —
Abutment of WS group showing in the neck the maximum stress; B
— Abutment of WL group showing same location of the maximum
stress; C — Wide implant with stress concentration in the inner

platform.

Discussion
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The results of this study showed that the load-bearing
capacity is reduced with the increase on transmucosal height of the
abutment, however, the bending moment is improved with higher
transmucosal height, rejecting the study hypothesis.

In Zirconia abutments (straight and 15-degree angulation)
were tested at compressive strength testing. Higher fracture loads
were reported for zirconia crowns in 4.5 mm implant platform. The
fracture load values of straight and angulated abutments wasn’t
statistically significant (43).

two different abutment diameters and two transmucosal
heights were used: 1) 4.5 x 2.5 mm; 2) 4.5x 3.5mm; 3) 3.3x 2.5
mm; and 4) 3.3 x 3.5 mm, placed on indexed CM implants 3.5 mm
in diameter x 13 mm in length. After the test, all abutments showed
permanent deformation in the upper region and in the transmucosal
portion, but without affecting the screw threads. Fractures were
identified only in the 3.3mm diameter groups, while the 4.5 x
2.5mm abutment was the one with the best mechanical behavior
and compressive strength (44).

In a study that compared the fatigue strength of the solid
straight abutment (3.3 x 6 x 3.5mm) and the angled abutment with
through screw (3.3 x 6 x 3.5mm, 17° of angulation) installed in
implants CM bolts of 3.75 x 11mm (Neodent). Abutments were
tested (26 specimens), 13 fractured below the five million

established cycles, being 8 straight pillars and 5 five angled,
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located predominantly at the height of the fourth thread of the
prosthetic screw, which coincides with the internal thread of the
CM component and the beginning of the space empty inside the
set. However, there was no statistical difference in fracture
resistance between abutments angled at 17° and straight abutments
(36).

Another study compared straight abutments with different
transmucosal heights, to see if there would be a difference in the
loosening of the prosthetic abutment of 3.5x10 indexed CM
implants (Unitite SIN). After torque application the abutments with
transmucosal heights of 0.8, 3.5 and 5.5 mm were cycled and the
detorque values of the abutments were measured. As a result,
higher torque values were found for the 0.8 and 3.5 abutments, in
contrast, the lowest values were found for the 5.5mm height
abutments. However, no statistical difference was found between
the three groups (24).

Different abutment angulations were tested 0°, 15° and 25",
according to neck height: 2 mm and 4 mm. Reverse torque values
were measured in Ncm before and after cyclic loading, finding that,
after mechanical cycling, the loosening of the prosthetic screw

increases with increasing abutment angulation and height (45).
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CONSIDERACOES FINAIS

O presente estudo avaliou questBes que ainda pairam na
implantodontia, como utilizagdo de implantes cone morse
friccional, implantes estreitos, pilares angulados e utilizacdo de
diferentes alturas de transmucoso. Compreender desenhos de
implantes e materiais utilizados é essencial para uma correta
selecdo dos melhores opgdes de tratamento e assim, permitir um
melhor prognostico das reabilitacdes com implantes dentéarios.

Sendo assim, a primeira hipOtese de que diferentes
configuracdes de implante e pilar ndo interfere na distribuicéo e
magnitude de tensdes, foi rejeitada, pois observou-se uma melhor
distribuicdo das tensdes conforme aumentou-se o diametro do
implante, porém o aumento da altura de transmucoso aumentou o
estresse maximo no pilar e reduziu no implante.

Com relacdo a segunda hipétese de que o didmetro do
implante ndo interfere na carga de fratura do sistema, foi rejeitada,
pois com o aumento do didmetro do implante observou-se
diferenca estatistica entre 0os grupos na carga de fratura e no

momento fletor.
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Avaliando-se a terceira hipdtese de que altura do
transmucoso do componente ndo interfere na carga de fratura do
sistema, foi rejeitada, pois com 0 aumento do transmucoso
observou-se diferenca estatistica tanto na carga de fratura como no
momento fletor.

Com relagdo a quarta hip6tese de que o modo de falha seria
similar entre as diferentes configuracdes implante e pilar, foi
parcialmente rejeitada, pois os grupos com implante estreito e
regular fraturaram de forma similar, porém o implante largo
apresentou somente deformacéo. Enquanto isso, nos avaliacdo da
altura do transmucoso, observou-se deformacdo dos implantes dos
dois grupos, porém somente no grupo de transmucoso de 2,5 mm
todos os pilares deformaram, enquanto no grupo 5,5 mm somente

40% dos pilares deformaram.
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