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RESUMO

O aumento da interface conica (IC) e diametro interno (DI) dos implantes podem
gerar problemas relacionados a fadiga mecénica, deformacdes e fraturas, devido a
parede cervical mais fina dos implantes que apresentam maiores IC e DI. Este
estudo avaliou a probabilidade de sobrevivéncia, distribuicdo de tensdo e modos de
falha de sistemas de abutment-implante com conexao conica interna, compostos por
diferentes graus de conicidade interna. Para o teste de fadiga, quarenta e dois
implantes (@ 3,5 x 8 mm) foram divididos em dois grupos de acordo com a interface
conica (IC) e diametro interno (DI) (n = 21 / grupo: (i) 11,5 ° IC (DI: 2,5 mm) e (ii) 16 °
IC (DI: 2,72 mm). Quarenta e dois abutments universais (4,5 x 6 x 2 mm) foram
parafusados (20 N.cm) nos implantes e coroas metalicas de incisivos centrais
superiores foram cimentadas. As amostras foram submetidas a teste de fadiga
acelerada progressiva em agua (SSALT). As curvas de probabilidade de Welibull e a
confiabilidade foram calculadas para missdes de 50,000 e 100,000 ciclos a 100, 150,
200 e 250 N (Alta Pro, ReliaSoft, intervalo de confianca de 90% bilateral). Para
analise de elementos finitos (AEF), foram construidos dois modelos virtuais
simulando as amostras testadas in vitro e uma carga de 49 N foi aplicada 30° fora do
eixo na borda incisal da coroa. O estresse de von-Mises (ovv) foi calculado para
implante e abutment. O modo de falha foi analisado usando microscopio eletronico
de varredura. Os valores de beta () foram maiores que 1 para ambos 0S grupos,
indicando que a taxa de falhas aumentou com o tempo e o acumulo de danos por
fadiga determinou as falhas. Ambos os grupos apresentaram alta confiabilidade em
50 e 100 N (até 98%). No entanto, uma diminuicédo significativa na confiabilidade foi
observada no grupo Cl 11,5° a 200 N (54%) em relacdo ao grupo Cl 16° (96%). As
falhas predominantemente envolvidas na fratura do abutment se originaram nha
superficie lingual do abutment. Na FEA, o grupo Cl de 11,5° apresentou oyw mais
alto para o abutment (39,31% maior) e implante (75,85% maior) quando comparado
ao grupo de Cl de 16°. Sistemas de implantes com maior conicidade e diametro
interno, CI 16°, apresentaram maior confiabilidade em cargas altas e ow mais
baixos para o abutment e implante quando comparados com implantes de

conicidade interna de 11,5°.

Palavras-chave: Implantes dentérios, fadiga, analise de elementos finitos.



ABSTRACT

Increased implant taper angle (TA) and internal diameters (ID) may be more
susceptible to problems related to mechanical fatigue, deformations, and fractures
due to a thinner cervical wall of implants compared to implants which present larger
TA and ID. This study evaluated the probability of survival, stress distribution, and
failure modes of internal conical connection implant-abutment systems comprised of
different internal taper degrees. For fatigue testing, 42 internal conical implants (&
3.5 x 8 mm) were divided into two groups according to the taper angle (TA) and
internal diameter (ID) (n = 21 / group), as follows: (i) 11.5° TA (ID: 2.5 mm) and (ii)
16° TA (ID: 2.72 mm). Forty-two universal abutments (4.5 x 6 x 2 mm) were torqued
(20 N.cm) to the implants, and standardized maxillary central incisor crowns were
cemented. The specimens were subjected to step-stress accelerated life testing
(SSALT) in water. Use level probability Weibull curves and reliability for completing a
mission of 50,000 cycles at 50, 100, 150, and 200 N were calculated. For finite
element analysis (FEA), two virtual models simulating the samples tested in SSALT
were constructed. A load of 49 N was applied 30° off-axis at the incisal edge of the
crown. The von-Mises stress (ovwm) was calculated for implant and abutment. Failure
mode was analyzed using scanning electron microscope. The beta () values were
higher than 1 for both taper designs, indicating that failure rate increased over time
and fatigue damage accumulation dictated failures. Both groups showed high
reliability at 50 and 100 N (up to 98%). However, a significant decrease in reliability
was observed in 11.5° TA group at 200 N (54%) relative to 16° TA group (96%).
Failures predominantly involved abutment fracture originated at the lingual surface of
abutment collar level. In the FEA, 11.5° TA group showed higher oym for abutment
(39,31% higher) and implant (75,85% higher) when compared to the 16° TA group.
Internal conical implants with 16° taper angle showed higher reliability at high-load
missions and lower ow for abutment and implant when compared with 11.5° taper

angle.

Keywords: Dental implants. Fatigue. Finite element analysis.
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1 INTRODUCAO

Desde a descoberta da osseointegracédo por Branemark em 1969, o uso
de implantes dentais tem se difundido cada vez mais [1,2]. Os implantes tem sido
utilizados como suporte para reabilitagcdo bucal sendo considerado um tratamento
seguro e previsivel para reabilitacdes de espagos edéntulos unitarios com taxa de
sobrevida de 93,1%, quando avaliados apds dez anos de acompanhamento [3-5].
Entretanto, apesar do alto indice de sucesso, apds a instalacdo dos implantes, a
ocorréncia de complicacBes ainda é relatada, principalmente apds o carregamento
protético [5,6].

Fatores biomecéanicos como a forma de dissipacdo das tensbes entre
coroa, conexao protética, implante e osso podem desencadear complicacées no
tratamento em qualquer dos elos envolvidos na reabilitacéo [7]. S&o relatadas como
complicacbes a fratura da coroa protética, afrouxamento ou fratura de parafusos e
fratura de componentes protéticos [8,9]. Ao longo dos anos, diversos sistemas de
implantes com os mais variados desenhos e conexdes foram desenvolvidos, com o

intuito de diminuir possiveis complicacdes clinicas [10-12].

Os sistemas de implantes com conexdo interna cbnica denominados
Cone Morse, tém sido reconhecido por apresentarem propriedades biomecanicas
superiores quando comparados a outras conexdes, como hexagono interno e
hexagono externo [13], principalmente em casos unitarios, evidenciando alta taxa de
sucesso e estabilidade do nivel ésseo a longo prazo [14-16]. Além disso, em testes
mecanicos in vitro, a conexdo Cone Morse também tem apresentado maior

confiabilidade quando submetida a testes de fadiga [18].

Entretanto, os implantes Cone Morse apresentam complicagcdes em
préteses implanto-suportadas, sendo essas divididas em complicacdes mecanicas,
como afrouxamento do parafuso do abutment, fratura do parafuso do abutment e,
mais raramente, fratura do abutment. Além de complicacbes técnicas, como perda
de retencédo, descimentacdo, lascamento e fratura do material ceramico. Tais falhas
podem acarretar futuros problemas no sistema implante/abutment [9,19]. Na
tentativa de melhorar o comportamento biomecéanico do conjunto implante/abutment,

o implante Cone Morse com maior interface cénica e diametro interno (SIN - Sistema
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de Implantes, Sdo Paulo, Brasil) pode ser utilizado para reabilitagcbes implanto
suportadas. Este sistema possui diametro interno de 2,72 mm e interface conica de
16°, maiores quando comparados aos implantes Cone Morse convencionais que
possui diametro interno de 2,5 mm e interface cbnica de 11,5° (SIN - Sistema de
Implantes, S&o Paulo, Brasil). O aumento da interface conica e diametro interno
podem ser responsaveis pela melhoria na distribuicdo de tensfes, diminuicdo de
microgaps, micromovimentos e garantia de maior area de contato entre o abutment

e o implante.

As falhas que ocorrem nos implantes ou em seus componentes protéticos
séo caracterizadas, geralmente, por ruptura catastrofica do material ou deformacéo
plastica, que acontece quando tensdes excedem o limite de proporcionalidade do
material [20-23]. Essas falhas podem ocorrer a longo prazo pela submisséo do
material as cargas ciclicas mecanicas [20]. Em pacientes que possuem espacos
protético reduzidos, muitas vezes se faz necessario utilizar implantes com diametros
externos menores, como de 3,5 mm. Nestes casos, implantes que possuem DI de
2,72 e interface conica de 16°, permanecem com espessura de parede delgada na
regido cervical de 0,39 mm em comparacdao com implantes com DI = 2,5 mm, que
possuem paredes cervicais de 0,5 mm. Devido a espessura de parede delgada na
regido cervical, implantes com maior DI e IC podem ser propensos a problemas

relacionados a deformacdes e fraturas provenientes de fadiga mecanica.

Para avaliar a probabilidade de falha e confiabilidade de implantes
dentarios, o teste de sobrevivéncia a fadiga acelerada (SSALT, step stress
acelerated life-testing), vem demonstrando ser o mais adequado para a investigacao
[24]. Nesse teste é extrapolado o comportamento de falha de um espécime em
condi¢Bes normais a partir de dados obtidos em niveis de estresse acelerado, sendo
capaz de reproduzir in vitro os modos de fratura observados clinicamente. As falhas
sdo geradas mais rapidamente em niveis de tensdo mais altos, permitindo obter
informacdes de confiabilidade em um tempo menor [20-23]. Tal reprodutibilidade no
padrao de fratura mostra-se relevante uma vez que testes, como o de compressao
uniaxial até a falha (single load to failure) ou staircase, demonstram padrées de

fraturas diferentes dos ocorridos clinicamente.
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A andlise de elementos finitos (AEF) é um método que pode ser utilizado
para avaliar a distribuicdo de tens@es na area de contato dos implantes tanto com os
componentes protéticos quanto com o tecido 0sseo. Este processo de analise
permite a geracdo de dados computacionais iniciais que podem predizer a
identificagdo de potenciais implicacdbes biomecanicas de uma determinada
configuracdo geométrica [25-27]. Pode ser utilizado como complemento a analise in
vitro, verificando se h&a concordancia entre os modelos que falharam primeiro com o
modelo que mais acumulou tensdo. Além disso, pode-se comparar se houve
correspondéncia entre o local de maior acumulo de tensdo e o local de falha

indicada pela analise fractografica em microscépio eletrénico de varredura (MEV).

Uma vez que a confiabilidade de implantes odontolégicos é um critério
importante na selecdo de sistemas de implantes e componentes protéticos e o
aumento do diametro interno e interface conica interna séo fatores que podem gerar
problemas relacionados a fadiga mecanica, deformacdes e fraturas. Este estudo
teve como objetivo avaliar a probabilidade de falha e distribuicdo de tensbes de
sistemas de implantes estreitos de conexao interna conica com diferentes graus de

conicidades e diametros internos.
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2 ARTIGO

Probability of survival and stress distribution in narrow implants systems with
different internal taper design

Authors:
Freitas MIM; Gomes RS; Ruggiero MM; Bergamo E; Bonfante EA; Marcello-Machado

RM; Del Bel Cury AA

ABSTRACT

Purpose: To evaluate the probability of survival, stress distribution, and failure
modes of internal conical connection implant-abutment systems comprised of
different internal taper degrees.

Materials and Methods: For fatigue testing, 42 internal conical implants (& 3.5 x 8
mm) were divided into two groups according to the taper angle (TA) and internal
diameter (ID) (n = 21 / group), as follows: (i) 11.5° TA (ID: 2.5 mm) and (ii) 16° TA
(ID: 2.72 mm). Forty-two universal abutments (4.5 x 6 x 2 mm) were torqued (20
N.cm) to the implants, and standardized maxillary central incisor crowns were
cemented. The specimens were subjected to step-stress accelerated life testing
(SSALT) in water. Use level probability Weibull curves and reliability for completing a
mission of 50,000 cycles at 50, 100, 150, and 200 N were calculated. For finite
element analysis (FEA), two virtual models simulating the samples tested in SSALT
were constructed. A load of 49 N was applied 30° off-axis at the incisal edge of the
crown. The von-Mises stress (ovwi) was calculated for implant and abutment. Failure
mode was analyzed using scanning electron microscope.

Results: The beta (B) values were higher than 1 for both taper designs, indicating
that failure rate increased over time and fatigue damage accumulation dictated
failures. Both groups showed high reliability at 50 and 100 N (up to 98%). However, a
significant decrease in reliability was observed in 11.5° TA group at 200 N (54%)
relative to 16° TA group (96%). Failures predominantly involved abutment fracture
originated at the lingual surface of abutment collar level. In the FEA, 11.5° TA group
showed higher oym for abutment (39,31% higher) and implant (75,85% higher) when
compared to the 16° TA group.
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Conclusions: Internal conical implants with 16° taper angle showed higher reliability
at high-load missions and lower oyw for abutment and implant when compared with

11.5° taper angle.

Keywords: Dental implants. Fatigue. Finite element analysis.

INTRODUCTION

The use of dental implants has become increasingly widespread since
Branemark first observed what he later called osseointegration in 1969 [1,2]. Implant
therapy has been considered a treatment alternative with high survival rates for
managing not only single-unit replacements but also for complete edentulism with
reported 95% survival after 10 years of follow-up [3-5]. Despite the high survival
rates, mechanical complications in the prosthetic components, such as screw or
abutment loosening have been frequently reported, especially in external connection
implants (7.5% after 3 years of follow-up) [6]. The lack of stability of the implant-
abutment connection is an important factor for the high rate of clinical complications,
mainly in non-splinted single crowns subjected to multidirectional loading that
challenges the integrity of the prosthetic components [6,7]. Over the years, several
implant systems with a range of implant-abutment connection designs and
macrodesign modifications have been developed to reduce the incidence of clinical
complications associated with implant-supported reconstructions [8-10]. One of
these connections is the internal conical, which has generally shown superior
biomechanical behavior and lower marginal bone loss [11] when compared to
external connections [12].

Despite the above mentioned favorable clinical outcomes, internal conical
implants have also demonstrated some complications, such as screw and abutment
loosening (1.5% after 3 years of follow-up) [6,13—-15], which may lead to future
problems in the implant/abutment system and additional clinical appointments and
costs for chairside maintenance [16,17]. Therefore, in attempt to improve the
biomechanical behavior of internal conical implant reconstructions, increased internal
taper connections have been proposed. The rationale for such a modification lies on
the possibility of increasing the contact area between the prosthetic component and

the implant, decreasing microgaps and micromovements, which may favor stress
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distribution and reduce the incidence of mechanical failures in the implant-prosthetic
devices and improve peri-implant tissue response.

Physiologic masticatory forces usually do not surpass the fracture threshold of
the implant and prosthetic components, but may lead to gradual loosening of the
connection and/or failure as a consequence of long-term cyclic loading [18-21]. The
failure of the assembly occurs when stresses exceed the proportional limit of the
material, causing rupture or plastic deformation of the component [18-21].
Considering that increased internal conical taper interfaces and its consequent
increased well diameter may be more susceptible to strength degradation due to a
thinner cervical wall of implants, evaluation of their mechanical behavior becomes
paramount. Moreover, in clinical conditions with reduced alveolar ridges and limited
prosthetic space, implants with narrower external diameter (i.e. 3.5 mm) has been
frequently indicated, which would result in a higher risk to deformations and fractures
resulting from mechanical loading. Therefore, in vitro fatigue testing and finite
element analysis of narrow implants with different internal taper design could provide
an insight into the mechanical behavior of the taper design of internal conical
implants in a more challenging clinical scenario.

Accordingly, the present study used step-stress accelerated-life testing and
finite element analysis to evaluate the probability of survival and stress distribution of
internal conical narrow implant systems with different internal taper degrees and
internal diameters. The postulated null hypothesis was that increased internal taper

degree would not influence the probability of survival and stress distribution.

. Materials and methods

2.1. Mechanical testing
2.1.1. Sample preparation

Forty-two narrow dental implants (@ 3.5 mm x 8.5 mm) fabricated with
commercially pure grade IV titanium with internal conical connections, were assigned
in two groups according to the taper angle (TA) and internal diameter (ID): (i) 11.5°
TA (ID: 2.5 mm) (Unitite, S.I.N Implant system, Sao Paulo, SP, Brazil) and (ii) 16° TA
(ID: 2.72 mm) (Strong, Sao Paulo, SP, Brazil).

Implants were vertically embedded into acrylic resin (Jet, Dental Articles

Classico Ltda., Campo Limpo Paulista - SP, Brazil) with the support of a silicone
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matrix (Zetalabor, Zhermack S.p.A., Badia Polesine, Italy). The implant's platform
was positioned at the potting surface [22-24]. Standardized maxillary central incisor
crowns were waxed up and cast in a cobalt-chrome alloy (Wirobond 280, BEGO,
Bremen, Germany). The crowns were cemented using a self-adhesive dual-cure
resin cement (Rely X U200, 3M Oral Care, St Paul, MN, USA) onto prefabricated
universal abutments (4.5 x 2 x 6 mm) (S.I.N Implant system, S&o Paulo, SP, Brazil)
previously tightened to the implants using a digital torque gauge (Tohnichi
BTG150CN-S, Tohnichi America, Buffalo Grove, IL, USA) following the

manufacturer's instruction (20 N.cm).

2.1.2. Single load to failure (SLF)

Three specimens of each group were subjected to a single load to failure test
(SLF). A uniaxial compression load was applied 30° off-axis (ISO 14801:2016)
lingually at the incisal edge of the maxillary central incisor crown using a flat tungsten
carbide indenter at a crosshead speed of Imm/min (Instron model 4411, Instron,
Canton, MA, USA). The mean fracture load values were used to design the three

profiles for the step-stress accelerated life-testing (SSALT).

2.1.3. Step-stress accelerated life-testing (SSALT)

The remaining specimens (n=18 / group) were assigned into three step-stress
profiles, mild (n=9), moderate (n=6), and aggressive (n=3), following the ratio
distribution of 3:2:1. SSALT was carried out on an all-electric dynamic test system
(ElectroPuls E3000 Linear-Torsion — INSTRON, Norwood, MA, USA) under water at
15 Hz. The load was applied 30° off-axis lingually at the incisal edge by a flat
tungsten carbide indenter, as previously mentioned (ISO 14801:2016). All samples
were tested until failure (fracture or bending of the abutment or implant), or
suspension (no failure at the maximum 1,500 N load level).

Based on the failure distribution, use level probability Weibull curves
(probability of failure versus number of cycles) with a use load of 200 N were
calculated and plotted using the Weibull distribution and the life-stress relationship by
the inverse power law for damage accumulation (90% two-sided confidence interval,
Cl) (Synthesis 9, Alta Pro 9, Reliasoft). The reliability was calculated for completing a
mission of 50,000 cycles at 50, 100, 150 and 200 N (90% two-sided CI). The use

level probability Weibull analysis provided the beta (B) value, which describes the
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failure rate behavior over time where, B < 1. failure rate decreases over time,
commonly associated with “early failures” or failures that occur due to egregious
flaws; B ~ 1: failure rate does not vary over time, associated with failures of a random
nature; and B > 1: failure rate increases over time, associated with failures related to

damage accumulation. [18]

2.1.4. Failure analyses

Failed specimens were inspected under a polarized light microscope
(AxioZoom V16, Zeiss, Oberkochen, Germany) then evaluated through scanning
electron microscopy (SEM) (JSM-5600LV, Jeol, Boston, Massachusetts, USA) for
fractographic analysis.

2.2. Finite element analysis

A CAD software (SolidWorks - Dassault Systems) created 3D virtual models of
a crown, implant, abutment, cement layer, cortical, and cancellous bone. The CADs
of the implants and abutments were different according to TA and ID, but the external
diameter and the length were standardized (@ 3,5 mm x 8,5 mm). A 70ym cement
layer was simulated between the crown and the abutment. The models were
exported to Ansys Workbench 15.0 for mathematical analysis, and a tetrahedral
mesh (0.7 mm elements-size) was generated. The materials properties, Young
modulus and Poison ration were, respectively: titanium for implant and abutment
(104 GPa, 0.34) [25], resin cement (18.3 GPa, 0.33) [26], cortical bone (13.6 GPa,
0.26) [25], cancellous bone (1.36 GPa, 0.31) [25] and cobalt-chrome alloy (218 GPa,
0.33) [25]. All models were considered homogeneous, isotropic and linearly elastics.
The contact conditions between implant and abutment were assumed as “no
separation,” contacts between crown and abutment and between implant and bone,
were assumed as “bonded.” A load of 49 N was applied lingually at the incisal edge
of the crown, 30° off-axis. Von-Mises criteria (ow) and deformation in millimeters
were registered for the implant and the abutment. For cortical and cancellous bone,
the evaluation was performed by the criterion of minimum principal stress (omin) and

maximum shear stress (Tmax).
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3. RESULTS

All samples failed during SSALT. The mean B derived from the use-level
probability Weibull curves were =2.35 for 11.5° TA group and B = 2.33 for 16° TA
group, indicating that failure rates increased over time and failure were associated
fatigue damage accumulation.

Figure 1 shows the use level probability Weibull curves (90% 2-sided
confidence bounds), showing the probability of failure versus number of cycles at a
use load of 200 N. The calculated reliability with 90% confidence intervals for
missions of 50,000 cycles at 50, 100, 150 and 200 N (Table 1), showed that the
cumulative damage from loads reaching 50 and 100 N would keep the probability of
survival higher than 98% for both implants. However, a significant decrease in
reliability was observed in 11.5° TA group at 200 N (54%) relative to 16° TA group
(96%).

Use level probability Weibull

99

Use level

o0 CB@90% 2-Sidad

Group 11.5° TA
Cumulative Damage
Weibull
200
F=18 S=0
= Use Level Line
@ Data Points
— Top CB-lI
— Bottom CB-II

70

50

30

Group 16° TA
Cumulative Damage
Weibull
200
F=18 S=0
= Use Level Line
@ Data Points
— Top CB-II
— Bottom CB-II

Probability of failure (%)

11{)Dl] 10000 ' 100000 1030000
Number of cycles

Fig. 1. Use level probability Weibull (90% confidence bound) showing the probability

of failure versus number of cycles for tested groups (set load of 200 N).
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Table 1. Calculated reliability (%) for a given mission of 50,000 cycles at a set load of
50, 100, 150 and 200 N.

50N 100 N 150 N 200 N
11.5°TA 16°TA  11.5°TA 16°TA 11.5°TA 16°TA 11.5°TA 16°TA
upper bound 1 1 1 1 0.99 1 0.69 0.99
50,000 cycles  Reliability 1 0.99 1 0.98 0.97 0.97 0.54** 0.96*
lower bound 1 0.93 0.99 0.9 0.9 0.85 0.37 0.77

*different symbols indicate significant difference between groups for the calculated mission.

SEM micrographs (Fig. 2) show the fractured abutment and origin of the
fracture marked by a black asterisk, where the loading caused local tensile stress.
When the stress exceeded the titanium strength, a plastic zone is created as titanium
has ductile behavior, and the deformation process occurs. A rupture zone was
observed at the opposite surface of the origin. In this study, all samples failure was

restricted to fractures in the abutment.

XZS5B1880m

.'\yf

-~ <

X378 SOMm

Fig. 2. Abutment fractured during SSALT (25x magnification). Fracture origin (black
asterisk) where the surface was subjected to cyclic tensile stress, magnified on the
right side (A). The black arrows indicate the direction of crack propagation. The
rupture zone at the area submitted to compression stress was represented on the

opposite side (B).
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The FEA showed a stress distribution location that matched to the area where
fracture occurred during SSALT, as depicted in the SEM micrographs (Fig. 3). The
highest stress concentration, in both models, was observed at the abutment and on
the internal walls of the implant (Fig. 4). Data on the von-Mises criteria, deformation
in millimeters, minimum principal stress, and shear stress according to 11.5° TA and
16° TA groups, and the difference between models are presented in Table 2. 11.5°
TA group showed higher ow for the implant (75,85% higher) and abutment (39,31%
higher) when compared to the 16° TA group. The figure 5 showed the Minimum
principal stress and shear stress for cortical and cancellous bone (MPa) for both

groups.

1 i

Fig. 3. Von-Mises stress peak concentration in fractured abutment comparable at
SEM images after the SSALT test.
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Fig. 4. Stress peak concentration at the abutment and implant for both groups.

Table 2. Von-Mises criteria and deformation (mm) of implants and abutment.

Minimum principal stress and shear stress

and the differences between the groups (%).

for cortical and cancellous bone (MPa),

115°TA 16° TA Difference
owimplant (MPa) 225.06 127.98 75.85%
ow abutment (MPa) 209.57 150.43 39.31%
Deformation for implant (mm) 0.0053051 0.0050851 4.32%
Deformation for abutment (mm) 0.034007 0.026525 28.11%
Onmin Cortical bone (MPa) 35.085 26.603 31.88%
Omin Cancellous bone (MPa) 1.9067 16.823 13.33%
Tmax Cortical bone (MPa) 17.529 12.438 40.93%
Tmax Cancellous bone (MPa) 1.5281 12.849 18.92%
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Fig 5. Minimum principal stress and shear stress for cortical and cancellous bone

(MPa) for both groups.

4. DISCUSSION

Since internal conical connection implants are widely used clinically, [12]
understanding the effect of the variations of implant-abutment geometry design on
fatigue and stress becomes important as a predictor for clinical success, especially
in narrow implants. The SSALT was used to predict the probability of survival and
failure modes of 2 different internal taper angles, 11.5° TA and 16° TA of narrow
implants. At a given mission of 50 and 100 N load, all groups showed a high
probability of survival in a mission of 50,000 cycles, suggesting that all implants
tested are safe for clinical use to replace teeth in the anterior region and probably
can be safely used. This is probably because during mastication the bite force in the
anterior region ranges from 65 to 100 N [27-29]. However, the probability of survival
of 11.5° TA group (54%) was significantly lower than 16° TA group (96%) in a given
mission of 50,000 cycles at a set load of 200 N, which may be a consequence of the

extrapolated anterior teeth loads that lead to a potential decrease in the probability of
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survival of implant-supported devices. The results of the fatigue analysis corroborate
a previous reliability study of internal conical connection narrow implants (3.5 mm),
exhibiting high reliability at 100 N at 50,000 mission cycles (97% and 96%,
respectively) [30].

In the present study, the beta values were >1 for all groups, indicating that,
irrespective of the difference in the taper angle and internal diameter, the failure rate
increased over time, and fatigue damage accumulation was an acceleration factor for
failure [18]. Therefore, it is possible to assume that the longer the abutment/implant
system remains in the mouth, the likelihood of failure due to the accumulation of
damage will increase once this system receives constant and repetitive loads [31].

In the FEA analysis, the Von Mises stress criteria, which is associated with
fatigue behavior of ductile materials, evidenced higher stress concentration at the
abutment (39.31% higher) and implant (75.85% higher) in 11.5° TA system when
compared to the 16° TA system. This fact may lie on the increase in the internal
diameter and conical interface from 16° TA interface, increasing the prosthetic
component proportionally and ensuring a greater contact area between the
prosthetic component and the implant, which may improve stress distribution and
provide better results for the implant-abutment device.

All failures at SSALT were restricted to abutments, as previously reported (cite
references and delete names Bordin et al. (2018); Bordin et al. (2017) and Hirata R
et al. (2016)). This result might be due to the friction-locking system of internal
conical implant-abutment connection, which extends the contact of the abutment with
the internal implant walls, protecting the implant from fracture [23,32,33]. After
SSALT, the fracture origin and the direction of crack propagation of the abutments
were evaluated. The ductile fractures as a result of stresses exceeding the material
yield strength left marks indicating crack propagation from lingual to buccal, where
forces naturally occur and simulated in this study, at the abutment collar level [22,33—
35]. Similarly, Bordin et al (2017) investigated the mechanical behavior of narrow
implants and the fracture origin and direction of crack propagation were found on the
abutment [22].

The main advantage of SSALT is that it quickly yielded failures, ensured by
the increasing stress levels, and showed to be a method able to reproduce in vitro
the fracture modes observed clinically. However, this study presented limitations that

include restorations of a single element, cobalt-chrome crowns, and under clinical
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conditions, masticatory function occurs at variable and low stress, and not step-stress
[18]. For this reason, it is important to acknowledge that future clinical trials on narrow
implant systems with varying internal taper are performed to confirm these in vitro

and in silico findings.

5. CONCLUSION

Based on the results and the limits of this study, it can be concluded that implants
systems with greater taper angle, 16° TA, and internal diameter showed higher
reliability at higher loads and lower ovm for abutment and implant when compared to

conventional 11.5° TA.
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3 DISCUSSAO GERAL

Considerando a importancia da resisténcia a fadiga e distribuicdo de
tensdo no sistema implante-abutment para o sucesso clinico a longo prazo da
reabilitacdo e reconhecendo que implantes Cone Morse estreitos sdo amplamente
utilizados clinicamente e possuem propriedades biomecanicas superiores,
especialmente em casos unitérios [8], 0 presente estudo avaliou a probabilidade de
falha e distribuicdo de tensdes em sistemas de implantes Cone Morse estreitos com
diferentes conicidades internas (Cl) e diametros internos (DI).

A andlise de fadiga acelerada progressiva foi realizada com objetivo de
prever a probabilidade de sobrevivéncia e modo de falha que ocorrem clinicamente
dos diferentes tipos de implantes comparados nesta pesquisa [24]. Quando
avaliados em uma carga de 50 e 100 N, todos 0s grupos mostraram uma alta
probabilidade de sobrevivéncia em uma missdo de 50.000 ciclos, sugerindo que
todos os implantes testados sdo seguros para uso clinico em substituicdo aos
dentes na regido anterior e provavelmente podem ser usados com seguranca. Isso
ocorre pois durante a mastigacéo a forca de mordida na regido anterior varia de 65 a
100 N [28-30]. No entanto, a probabilidade de sobrevivéncia do grupo CI 11,5° foi
significativamente menor (54%) comparados ao grupo Cl 16° (96%) em uma missao
de 50,000 ciclos a uma carga de 200 N. Esse fenbmeno ocorre pois quando as
cargas sao extrapoladas, a probabilidade de sobrevivéncia dos implantes diminui
exponencialmente. Os resultados da andlise de fadiga corroboram com os achados
de Freitas et al. (2016), no qual avaliaram a confiabilidade de implantes cone morse
com diametro externo de 3,5 mm, estes, apresentaram alta confiabilidade em 100 N
em missdes de 50,000 e 100,000 ciclos (97% e 96%, respectivamente) [7].

O valor beta (B) descreve o comportamento da taxa de falhas ao longo do
tempo. No presente estudo, os valores beta dos dois grupos foram > 1, indicando
gue, independente da diferenca de Cl e DI, a taxa de falha aumentou ao longo do
tempo e o acumulo de danos por fadiga foi um fator de aceleracédo para falha [24].
Portanto, é possivel supor que quanto mais tempo o sistema abutment / implante
permanecer na boca, a probabilidade de falha devido ao acumulo de dano

aumentara, uma vez gque este sistema receba cargas constantes e repetitivas.
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Na AEF os critérios de estresse de Von Mises, associados ao
comportamento a fadiga de materiais ducteis, evidenciaram maior concentracao de
tensdo no abutment (39,31% maior) e implante (75,85% maior) no grupo que possui
Cl 11,5° quando comparados ao grupo CIl 16°. Esse resultado possivelmente se
deve ao aumento do diametro interno e da interface conica dos implantes do grupo
Cl 16°, aumentando proporcionalmente o componente protético, desta forma o
sistema garantiu maior area de contato entre o abutment e o implante, melhorando a

distribuicdo de tenséo, proporcionando melhores resultados.

Com relacao ao osso cortical e medular, a AEF mostrou que os implantes
do grupo CI 11,5° apresentaram maior concentracdo de tensdo no osso cortical e
medular na interface osso-implante quando comparados ao grupo CI 16°.
Clinicamente, este resultado pode influenciar na resposta 0ssea do paciente, uma
vez que um maior acumulo de tensdo nesta regido, pode desencadear reabsorcao

0ssea, induzindo micro-danos, podendo levar a futuras falhas do sistema [31,32].

Todas as falhas da analise de fadiga acelerada progressiva foram
restritas aos abutments, esses resultados corroboram os estudos de Bordin et al.
(2018); Bordin et al. (2017) e Hirata R et al. (2016) que encontraram 0S mesmos
padrdes de falha observados neste estudo. Este resultado se deve ao sistema de
travamento por atrito da conexao interna abutment-implante, que prolonga o contato
do abutment com as paredes internas do implante, protegendo o implante de
fraturas [18,33,34]. ApOs o teste de fadiga acelerada progressiva, foi possivel
identificar a origem da fratura e a direcdo da propagacdo de trincas dos abutments
nas analises do MEV. As fraturas ducteis, como resultado de tensdes que excedem
a resisténcia ao escoamento do material, deixaram marcas indicando a propagacao
de trincas do lingual para o vestibular, onde as forgcas ocorrem naturalmente como
simuladas neste estudo [18,31,35,36]. Da mesma forma, como Bordin et al (2017),
onde a origem da fratura e a direcdo da propagacado da fissura foram encontradas

também no abutment [31].

A principal vantagem do teste de fadiga acelerada progressiva é em
relacdo as falhas, que séo rapidamente produzidas pelo aumento dos niveis de
estresse, além disso, este teste demonstrou ser capaz de reproduzir in vitro 0s

modos de fratura observados clinicamente. No entanto, este estudo apresentou
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limitagBes, que incluem restauracdes confeccionadas em liga cobalto-cromo e além
disso, sob condic¢des clinicas, a maioria dos dentes sdo submetidos ao estresse
constante e nao estresse por etapas como ocorre no teste de fadiga acelerada
progressiva [20]. Por esses motivos, € importante reconhecer que futuros estudos de
ensaios clinicos relacionados a sistemas de implantes Cone Morse com diferentes
conicidades internas e diametros internos devem ser realizados para validar estes

achados in vitro e in silico.
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4 CONCLUSAO

Com base nos resultados e nas limitacbes deste estudo, pode-se concluir que os
sistemas de implantes com maior conicidade e diametro interno, CI 16°,
apresentaram maior confiabilidade em cargas altas e ow mais baixos para o

abutment e implante quando comparados com implantes cone morse convencionais.
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