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ABSTRACT

Influence of abutment fabrication method and fixation mode on the three-
dimensional fit and reliability of implant-supported prostheses

Objectives. To evaluate the effect of abutment fabrication method on the three-
dimensional fit at the implant-abutment interface and its correlation with stress at
fatigue failure of prostheses. Probability of survival (reliability) and fractography to
characterize failure modes were also performed for cemented and screw-retained
prostheses.

Methods. Central incisor crowns were milled to restore implants and divided in 3
cemented and 3 screwed-retained groups, as follows (n=21/group): [Digital-Sc]:
milled one-piece monolithic abutment/crown; [TiB-Sc]: milled crowns cemented onto
Ti-base abutments; [UCLA]: screw-retained crown using UCLA abutments; [Digital-
Ce]: milled two-piece assembly comprised by screwed monolithic abutment and a
cemented crown; [TiB-Ce]: milled coping cemented onto Ti-base abutments to
receive a cemented crown; [UCLA-Ce]: UCLA abutments that received an overcast
coping and a cemented crown. Volume measurements were performed to assess the
internal misfit using silicone replica of the implant/abutment interface area three-
dimensionally reconstructed after microcomputed tomography (UCT). Implant/crown
systems were subjected to step-stress accelerated life testing (SSALT) in water. The
use-level probability Weibull curves and reliability for a mission of 50,000 cycles at
calculated stress at failure of 2,300, 3,300 and 4,300 MPa were plotted.
Fractographic analysis was performed with scanning electron microscopy. Internal
misfit was analyzed through one-way ANOVA following post-hoc comparisons by
Tukey test (P<0.05). Correlation between misfit volume and the stress at fatigue
failure was assessed by Pearson test.

Results. Similar misfit volumes were observed for TiB-Sc (0.458 mm3), TiB-Ce
(0.461 mm?), UCLA (0.471 mm?3) and UCLA-Ce (0.480 mm?3), which were significantly
lower than Digital-Sc (0.676 mm?3) and Digital-Ce (0.633 mm3). The mean B values
were: 1.68, 1.39, 1.48, 2.41, 2.27 and 0.71 for Digital-Sc, TiB-Sc, UCLA, Digital-Ce,
TiB-Ce and UCLA-Ce, respectively, indicating that fatigue was an accelerating factor

for failure of all groups, except for UCLA-Ce. Higher stress at failure decreased the







reliability of all groups, more significantly for screw compared to cement-retained
groups, especially for Digital-Sc that demonstrated the lowest reliability. The failure
mode was restricted to abutment screw fracture. A negative correlation was observed
between misfit values and stress at failure (r =-0.302, P=0.01).

Conclusions. Ti-Base and UCLA abutments exhibited better internal fit at the
implant/abutment interfaces compared to full commercial lab fabrication process
(CAD-CAM custom abutments). An impairment of the mechanical resistance
according to different levels of internal misfit was observed, since the higher the
volume of misfit, the lower the stress at failure during fatigue. Probability of survival
decreased at higher stress, especially for screw compared to cement-retained

groups, and failures were confined to abutment screws.

Keywords: Dental Implant-Abutment Designs. Dental Implant-Abutment Interface.

Dental Implants. MicroCT. Reliability. Computer-Aided Design.







RESUMO

Influéncia do método de fabricagao de pilares e modo de fixagao na adaptagcao
tridimensional e confiabilidade de proteses sobre implantes

Objetivos. Avaliar o efeito do método de fabricagdo de pilares sobre a adaptacéo
tridimensional na interface implante-pilar e sua correlagcdo com o estresse a fratura
por fadiga das préteses. Probabilidade de sobrevida (confiabilidade) e fractografia
para caracterizar modos de falha também foram realizadas para préteses
cimentadas e parafusadas.

Métodos. Coroas de incisivos centrais foram confeccionadas para restaurar
implantes e divididas em seis grupos, sendo 3 grupos parafusados e 3 cimentados
(n=21/grupo): [Dig-Par] — coroa fresada monolitica parafusada; [TiB-Par] — coroa
fresada cimentada sobre pilar Ti-Base e parafusados ao implante; [UCLA] — coroa
fundida sobre UCLA parafusada; [Dig-Cim] — pilar fresado parafusado para receber
coroa fresada cimentada; [TiB-Cim] — pilar fresado e cimentado sobre Ti-Base para
receber coroa cimentada; [UCLA-Cim] — pilar fundido sobre UCLA parafusado para
receber coroa cimentada. Mensuragdes de volume foram realizadas para avaliar o
desajuste interno usando réplica de silicone na area da interface implante/pilar
reconstruida tridimensionalmente apds a microtomografia computadorizada (uCT).
Os espécimes foram submetidos ao teste de fadiga acelerada progressiva na
presenca de agua. As curvas de probabilidade de Weibull e a confiabilidade para
missdes de 50.000 ciclos a 2.300, 3.300 e 4.300 Mpa foram plotadas e calculadas
em fungdo do estresse. A anadlise fractografica foi realizada com microscopia
eletrbnica de varredura. O desajuste interno foi analisado através de ANOVA
seguida de comparagdes multiplas pelo teste de Tukey (P<0,05). A correlagao entre
o volume de desajuste e o estresse a fratura por fadiga foi avaliada pelo teste de
correlagao de Pearson.

Resultados. Volumes de desajuste semelhantes foram observados para TiB-Par
(0,458 mm?), TiB-Cim (0,461 mm?3), UCLA (0,471 mm?3) e UCLA-Cim (0,480 mm3),
que foram significativamente menores que Dig-Par (0,676 mm?) e Dig-Cim (0,633
mm?3). Os valores médios de B foram: 1,68, 1,39, 1,48, 2,41, 2,27 e 0,71 para Dig-
Par, TiB-Par, UCLA, Dig-Cim, TiB-Cim e UCLA-Cim, respectivamente, indicando que







o acumulo de danos em fungao da fadiga foi um fator de aceleragéo para as falhas
em todos os grupos, exceto para UCLA-Cim. Maior estresse a fratura diminuiu a
confiabilidade de todos os grupos, mais significativamente para os grupos
parafusados comparado aos cimentados, especialmente para o Dig-Par, que
demonstrou a menor confiabilidade. O modo de falha predominante foi a fratura do
parafuso do pilar. Uma correlagdo negativa foi observada entre os valores de
desajuste e estresse a fratura (r =-0,302, P = 0,01).

Conclusées. Os pilares do tipo Ti-Base e UCLA exibiram melhor ajuste interno na
interface implante/pilar comparado com os pilares fresados em laboratério comercial
(customizados CAD-CAM). Observou-se um comprometimento da resisténcia
mecanica de acordo com os diferentes niveis de desajuste interno, visto que quanto
maior o volume de desajuste, menor o estresse a fratura durante a fadiga.
Probabilidade de sobrevivéncia diminuiu em nivel maior de estresse, especialmente
para os grupos parafusados em comparagdo com os cimentados, e as falhas foram
confinadas aos parafusos do pilar.

Palavras-chave: Implantes dentarios. MicroCT. Confiabilidade. Projeto Auxiliado por

Computador.
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1 INTRODUCTION

Implant-based therapy is a predictable and reliable treatment modality in the
rehabilitation of missing or lost teeth ' 2. The literature on dental implants has
advanced remarkably over the last decade, and recent reports have been shown
success rates upwards of 95% 3. Although high success rates are commonly
reported for such treatment ' 4, the less common report of cumulative survival rates
suggests that the actual failure rates of dental implants are likely to be higher than
the rates published in the clinical literature and therefore success may be inflated 3.

According to a recent systematic review 4, the total number of technical
complications was statistically similar for internal and external connections, with a 5-
year complication rate of 10.1% and 12.4%, respectively. Also, it has been reported
that the most common complication is abutment screw fracture, with a cumulative
rate of 10.4% in 5 years and a twofold increase to 20.4% in 10 years °. Such findings
emphasize that treatment with implants, despite its advantages, should predict

complications, time, and additional cost for maintenance .

Considering that complication rates increase over time ¢, indicating that the
fatigue damage accumulation degrades prostheses strength, it is essential to
acknowledge that technical complications in implant dentistry are prevalent, and the
importance of their characterization in preclinical studies has been increasingly
valued " 8. In this context, the use of in vitro mechanical testing methods to
characterize the implant-prostheses complex becomes paramount, since clinical
studies demand proper design, long-term follow-up, and robust data from many
volunteers would need to be statistically addressed to provide meaningful results 8.
The use of Step-stress Accelerated Life Testing (SSALT) for reliability and failure
mode analysis of several implant restorative scenarios has been widely reported 3.

Given the vast possibility of a combination between variables in an implant-
supported rehabilitation, the selection of restorative components and crown fixation
mode must be considered as a factor for long-term clinical success '#2. For improved
performance, abutments should present the best fit at the implant connection 15,

since higher values of misfit between components may increase microleakage and
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mechanical stress on connection structures and surrounding tissues 618, Depending
on the level of misfit, it may lead to mechanical problems, such as damage to the
internal threads, screw preload loss or screw fracture '® 19, Additionally, biologic
complications due to the microorganism colonization of the implant well may
eventually participate in the multifactorial role of peri-implant tissue inflammation,
which can cause pain, bone strain, marginal bone loss, and in the worst scenario the

loss of osseointegration 17: 18,2021,

There has been little information presented on the three-dimensional internal
gap misfit between abutments fabricated through different techniques connected to
implants with internal connection. The methods commonly used to measure marginal
and internal discrepancies of restorations involve direct visualization or sectioning of
the specimens, followed by measurement of the interface using scanning electron
microscopy (SEM) 22 23, optical microscopy 24, travelling microscope 2% 26 among
others. These measurements commonly involve human error that, along with the
non-standardized evaluation sites make interpretation and comparison between
studies a challenge 2”28, In recent years, micro-computed (UCT) tomography has
gained popularity in implantology 2°3' because it allows the non-destructive and
three-dimensional (3D) evaluation of the materials, promoting a feasible quantitative
and qualitative analysis of marginal or internal misfit 32. Additionally, 3D
reconstruction software may be used for the volumetric quantification of the misfit

and internal/marginal gaps at the implant—abutment interface.

The selection of the implant abutment for each patient case is an essential
part of the implant-prosthetic treatment phase. Firstly, a fundamental distinction
needs to be made between ‘prefabricated’ or ‘stock’ and ‘custom-made’ abutments.
The former comprises a standard geometry commercial abutment. Several
prefabricated abutments are available in the market, which vary in indication and
design, generally being indicated when the implant is placed in an almost ideal
prosthetic position. Although the claimed better fit of stock abutments provided by the
industry, which demand approval by regulatory agencies, their customization may be
limited, considering each patient’s difference in peri-implant soft tissue emergence
profile. Therefore, the need for custom abutments is gradually increasing over the
years.




Introdutcion 21

Opportunities for individualization include the use of custom-made abutments
fabricated through either a conventional casting procedure using universal casting
long abutments (UCLA) or through a digital workflow using the computer-aided
design/computer-aided manufacturing (CAD/CAM) technology. In the latter, two
customization options are available: 1) full digital lab fabrication process: a one-piece
monolithic abutment/crown may be designed and milled in a commercial laboratory
by CAD/CAM system (currently feasible for external or internal non-conical
connections); or 2) hybrid fabrication process: an industrially manufactured abutment
system receives custom CAD/CAM restoration fabricated by a commercial laboratory

(final crown or custom core).

The UCLA-type abutment is one of the most versatile abutments produced by
conventional casting procedures. Although the indications may vary, the UCLA-type
abutment is practically universal and at a lower cost when compared to other
prefabricated abutments. However, the castable base of the abutment that will adapt
to the implant undergoes distortions during the casting procedures, impairing the fit
and passivity at the implant/abutment connection, thus causing mechanical and
biological problems, as previously reported %3334 In order to minimize such effect,
castable UCLA abutments with metallic base should be used because the metal (Co-
Cr) suffers minor changes during casting as its melting point is higher than the
temperature used for investment heating and compatible with the temperature for
alloy injection 2% 35, which in theory preserves the fit provided by the industry.

CAD/CAM technology has introduced several advantages for fabricating
abutments and has been suggested as an improvement over the conventional
methods 3% 37, The benefits of employing a fully digital laboratory fabrication process
for abutments and prostheses include customization and rapid chair-side or
commercial laboratory fabrication regardless of industry abutment availability. Such a
technology is well known to allow the high-precision machining of prefabricated
blocks of various materials including ceramics, composite resin, acrylic resin and
metal alloys 3. Despite the evident advantages of abutments produced by a full
digital workflow, the internal fit of such abutments is roughly dependent on several
variables involved in the accuracy of milling of the CAD/CAM systems unit and the
selected milling strategy °. Also of concern is the fact that milling of abutments by

commercial labs is not yet controlled by international standards or norms, as it is for
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industry-provided prefabricated abutments, which undergo standard quality

assurance and quality control evaluation.

A potential workaround has been recently introduced where industry-
fabricated Titanium-base (or Ti-base) abutments and their inclusion in CAD/CAM
libraries allowing the rapid fabrication of either a customized milled core (e.g:
zirconia) or the crown by commercial laboratories. This concept is based on a
titanium connector featuring a female component that connects to the implant well
and a external configuration with geometry available for insertion in most CAD/CAM
systems where monolithic or bilayered restorations of any given material can be
cemented chairside *+°. The main advantage and rationale for use of Ti-base
abutments comprise the maintenance of industry provided fit of the female part, in
contrast to UCLA abutments where overcasting and post processing (e.g. aluminum
oxide blasting) change the titanium surface topography and fit 2°. Also, retrievability is
maintained when cementing the final prostheses directly to Ti-base since CAD/CAM
blocks are provided with screw access holes that allow extra-oral bonding and

excess cement removal, eventually reducing cementation induced peri-implantitis 4'-
43

Along with the plethora of implant restorative components available, the
fixation modes of the implant-supported restoration can be either screwed,
cemented, or a combination of both. There is a rich literature on the advantages and
disadvantages of the prosthesis retention systems 4% 4450 A current consensus has
been published %° and, in general, the clinical recommendations for screw retention
include: implants placed in a prosthetically ideal position, with the presence of
minimal interarch space (4 mm); FDPs (fixed dental prostheses) with a cantilever
design; long-span FDPs; in esthetic areas, where provisionalization of implants is
required to enable soft tissue conditioning and emergence profile improvement or
when retrievability is desired. Also, the cement retention is recommended in the
following situations: for short-span prostheses with margins at or above the mucosa
level, to compensate for improperly inclined implants, for cases where an easier
control of occlusion without an access hole is desired (e.g. narrow-diameter
crowns)®’. Although less technical complications of cement-retained relative to
screw-retained crowns has been reported °, the performance of hybrid systems that

combine extra-orally cemented and screw-retained crowns warrants investigation.
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Considering the increased use of customizable abutments in restorative
dentistry and given that, once under function in the mouth, any restorative system’s
strength will degrade over time due to fatigue damage accumulation, the
characterization of the internal fit at the implant/abutment connection of abutments
fabricated by a commercial laboratory (milled or cast) compared to abutments
provided by the industry, as well as the impact of misfit levels on the mechanical
performance of prostheses still requires investigation. Therefore, the overall objective
of this work was to evaluate the effect of abutment fabrication method on the three-
dimensional fit at the implant-abutment interface and its correlation with stress at
fatigue failure of prostheses. Probability of survival (reliability) and fractography to
characterize failure modes were also performed for cemented and screw-retained

prostheses.
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4 CONCLUSION

Within the limitations of this study, the following conclusions may be drawn:

- Implant-supported prostheses milled by a commercial laboratory (Digital-
Sc and Digital-Ce) exhibited poorer internal fit at the implant/abutment
connection compared to those either cast or fabricated by the industry
(TiB-Sc, TiB-Ce, UCLA and UCLA-Ce);

- All groups presented high reliability at 2300 MPa (up to 97%), however at
higher stress Digital-Sc decreased the reliability to 0% and TiB-Ce (71%)

demonstrated higher reliability than other groups;
- Failure mode chiefly comprised abutment screw fracture;

- Higher misfit values negatively influenced the load in which the specimens
failed.
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