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Resumo
Introdução: Um novo design de pilar para implantes dentários está disponível com a possibilidade de melhorar 
a estética sem comprometer a resistência mecânica, usando blocos cerâmicos perfurados para CAD/CAM. 
Objetivo: Este estudo avaliou a influência da combinação de diferentes materiais cerâmicos para coroa e para pilar 
híbrido na distribuição de tensões de prótese sobre implante hexágono externo. Método: Zircônia, dissilicato de 
lítio e cerâmica híbrida foram avaliados, totalizando 9 combinações de materiais para coroa e mesoestrutura. Para 
análise de elementos finitos, uma coroa monolítica cimentada sobre um pilar híbrido (mesoestrutura + base de 
titânio) foi modelada sobre um implante de hexágono externo. Os modelos foram exportados em formato STEP 
para o software de análise, e os materiais foram considerados isotrópicos, lineares, elásticos e homogêneos. Uma 
carga oblíqua (30°, 300N) foi aplicada no fundo da fossa central e a fixação do sistema ocorreu na base do osso. 
Resultado: Para a estrutura da coroa, os materiais flexíveis concentram menos tensão que os rígidos. Ao analisar o 
pilar híbrido, maiores valores de tensão foram observados quando feito com zircônia combinada com uma coroa de 
cerâmica híbrida. Em todas as combinações simuladas, a distribuição de tensões foi semelhante para o parafuso de 
fixação e o implante. Conclusão: Associar um material cerâmico com elevado módulo elástico para a coroa com um 
material de menor módulo elástico para o pilar híbrido resulta em menor concentração de tensão máxima principal, 
sugerindo um comportamento mecânico promissor para o sistema hexágono externo. 

Descritores: Cerâmica; análise de elementos finitos; implantes dentários; desenho do pilar-implante; 
materiais dentários.

Abstract
Introduction: A new dental implant-abutment design is available with the possibility of improving aesthetic with no 
compromise of mechanical strength, using perforated CAD/CAM ceramic blocks. Objective: This study evaluated 
the influence of crown and hybrid abutment ceramic materials combination on the stress distribution of external 
hexagon implant supported prosthesis. Method: Zirconia, lithium disilicate and hybrid ceramic were evaluated, 
totaling 9 combinations of crown and mesostructure materials. For finite element analysis, a monolithic crown 
cemented over a hybrid abutment (mesostructure + titanium base) was modeled and screwed onto an external 
hexagon implant. Models were then exported in STEP format to analysis software, and the materials were considered 
isotropic, linear, elastic and homogeneous. An oblique load (30°, 300N) was applied to the central fossa bottom and 
the system’s fixation occurred on the bone’s base. Result: For crown structure, flexible materials concentrate less 
stress than rigid ones. In analyzing the hybrid abutment, it presented higher stress values when it was made with 
zirconia combined with a hybrid ceramic crown. The stress distribution was similar regarding all combinations for 
the fixation screw and implant. Conclusion: For external hexagon implant, the higher elastic modulus of the ceramic 
crowns associated with lower elastic modulus of the hybrid abutment shows a better stress distribution on the set, 
suggesting a promising mechanical behavior. 

Descriptors: Ceramics; finite element analysis; dental implants; dental implant-abutment design; 
dental materials.
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INTRODUCTION

Since the advent of osseointegration, several ways to use 
implant-supported prostheses have been described in the literature, 
from the simplest single-body implant1 whose only prosthetic 
solution is to cement the crown, to the use of implants containing 
angled intermediates for positioning corrections2. Regarding 
all usage possibilities, implant biomechanics can be altered as a 
function of how the crown is made upon it3, which generates doubt 
in clinicians about which is the best prosthetic solution. In spite of 
this, all implant supported prostheses tend to mimic natural teeth 
in the best possible way3,4. However, the aesthetics of a restoration 
may be impaired depending on the implemented technique during 
its manufacture4. Among prosthetic solutions available for implants, 
the use of two ceramic blocks for CAD/CAM allows for preparing 
potentially more aesthetic crowns, due to the decrease of metal 
thickness in the abutment for placing the ceramic mesostructure4. 
According to the authors, this method of manufacturing crowns on 
titanium bases enables many combinations between the crown’s and 
mesostructure’s ceramics, as the first cemented block has a perforation 
that allows passage for the abutment fixing screw. The proposal 
of using an hybrid abutment is very interesting so that unitary 
crowns with a great ceramic volume would have similar aesthetic 
characteristics to the adjunctive teeth, which is not always possible 
with conventional abutments5,6. Hybrid abutment are suggested to 
present mechanical properties similar to titanium abutments4,7,8 
and promising durability and strength after long-term9.

In spite of the advantages described by the manufacturers of 
ceramic blocks for accomplishing restorations by this method, 
there is no information in the literature that supports the clinician’s 
decision for the best combination between ceramics for usage on 
titanium bases. There are currently several drilled ceramic blocks 
(for fixing screw passage) that enable their use through this method. 
However, among polycrystalline ceramics with complete rigidity 
and ceramics with polymer infiltrated matrix having resilience, it is 
questioned which ceramic material should be used in manufacturing 
the hybrid abutment, and which should be used in manufacturing 
the crown.

Several properties of combined ceramics may lead to failure or 
success of the restoration10, but it is necessary to understand which 
sequence should be indicated or not for laboratory tests or in vivo 
studies. Therefore, the purpose of this study was to elucidate the 
biomechanical behavior of different ceramics combinations for 
crown and hybrid abutment in external hexagon implants through 
finite element analysis; and also to describe which combination may 
present a suitable mechanical behavior to be indicated. The hypothesis 
was that different combinations between restorative materials do 
not influence stress distribution.

METHOD

Finite Element Analysis (FEA)

A tridimensional (3D) structure was modeled through CAD 
software (Rhinoceros version 4.0SR8; McNeel North America, 
Seattle, WA) to represent a two piece prosthetic solution, composed 

of a ceramic crown (Figure 1A) and a hybrid abutment made by a 
ceramic mesostructure (Figure 1C) over a titanium base (Ti base) 
(Figure 1E). Cement lines presented in this restorative technique were 
modeled (Figure 1B, D), and the set was then screwed (Figure 1F) 
on an external hexagon implant (Figure 1G), as shown in Figure 1.

For cement layers, resin cement with 0.3 mm thickness was 
considered11. The base (4.5 × 5 mm) and implant (3.75 × 11 mm) 
followed manufacturer’s dimensions (Conexão Sistemas de Prótese, 
Arujá, Brazil). Two factors were analyzed: crown and hybrid abutment 
ceramic materials (each one with 3 levels), totaling 9 combinations of 
different sets. Then, solids were exported to analysis software (ANSYS 
17.2, ANSYS Inc., Houston, TX, USA) in STEP format. The external 
surface of a bone model was fixed in all directions (boundary 
condition), a static load (300N, 30°) according to ISO 14801:2012 
for dental implants was applied on the central fossa and a Mesh was 
created with 519.340 nodes and 281.660 hexahedral elements (after 
Mesh convergence test). All materials were considered isotropic, 
linearly elastic and homogeneous. Three ceramic materials were 
used for ceramic crown and hybrid abutment: zirconia (InCoris ZI 
meso, Sirona, Dentsply Sirona, São Paulo, Brazil) lithium disilicate 
(IPS e.max CAD Abutment Solutions, Ivoclar Vivadent, Schaan, 
Liechtenstein) and hybrid ceramic (VITA Enamic Implant Solutions, 
VITA Zahnfabrik, Bad Säckingen, Germany). The materials’ elastic 
modulus and Poisson ratio were obtained from literature (Table 1)12-15. 
Stress distribution results according to Maximum Principal Stress 
and von-Mises criteria are shown through color graphics with 

Figure 1. Schematically illustrated sequential procedures. (A) Ceramic 
crown; (B) Cement layer between crown and mesostructure; 
(C) Mesostructure; (D) Cement layer between mesostructure and base; 
(E) Base; (F) Screw; (G) External hexagon implant; (H) Geometries 
in contact.
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their respective scale in megapascals (MPa). Von-Mises criteria 
is commonly used for stress distribution on structures in dental 
implant studies16; therefore, this criteria was chosen to facilitate 
comparisons.

RESULT

For correct understanding of the biomechanical behavior, 
results must be observed according to stress distribution from the 
external structure (crown) to the implant itself. By observing the 
von-Mises stress generated in the crown (Figure 2), it is possible to 
observe that the evidence of more aggressive stress occurs inversely 
proportional to the increase of the elastic modulus of the crown, 
and directly to the elastic (E) modulus of the hybrid abutment. 

To improve the difference between the groups, the set crown+hybrid 
abutment was analyzed separately with Maximum Principal Stress 
criterion (Figure 2). For this parameter, tensile areas can be better 
visualized, showing that all groups present probability of failure 
in cervical region of hybrid abutment. In sagittal cut of the set, the 
tensile stress concentrate in center of hybrid abutment and intaglio 
surface of the crown is inversely proportional to the increase of the 
elastic modulus of the crown, and directly to the elastic modulus 
of the hybrid abutment.

For the fixation screw, stress regions are just above the first 
thread in all groups, with an insignificant difference (Figure 3). 
Similar stress concentration for implants was found for all groups, 
and the stress concentration in the threads located near the bone 
level (Figure 3).

DISCUSSION

This paper has studied a technique to perform an implant 
supported crowns that require two machinable blocks for their 
preparation. The hypothesis of this work was rejected due to the 
biomechanical behavior of the system being influenced by the ceramic 
combinations used for crowns and hybrid abutment manufacturing. 
Although this work is purely theoretical with adhesion conditions 
standardized in all groups (which does not happen clinically), its 
scientific value is based on the results analysis in function of the 
material mechanics17. As results were arranged according to the 

Table 1. Distribution of materials’ mechanical properties

Structure/material Elastic modulus (GPa) Poisson ratio

Panavia F 2.012 7.5 0.25

Lithium Dissilicate13 63.9 0.22

Hybrid ceramic13 34.7 0.28

Zirconia14 220 0.3

Cortical Bone15 13.7 0.3

Spongy Bone15 1.37 0.3

Figure 2. Stress distribution on ceramic crowns and hybrid abutments according to Von Mises criteria. First leter correscponds to the crown 
material and the second letter, to the hybrid abutment ceramic material: Zirconia - Z, Lithium disilicate - L and Hybrid ceramic - H.
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sequence of the structures from the load application to the implant, 
the discussion is given in the sense to individually evaluate the 
failure criteria.

Monolithic zirconia crowns concentrate more stress than when 
made in the other evaluated materials, which corroborates previous 
studies18,19. However, it is important to note that the critical stress 
fracture of zirconia is so high that this stress difference observed 
between the groups will first cause the crown fracture when made in 
the other materials4,18. This is also due to the polycrystalline structure 
of this material and not only to the pure elastic modulus20. Due to 
zirconia’s high fracture toughness, the evaluated failure criteria was 
not the catastrophic failure of the crown, but the displacement of 
the prosthetic piece due to adhesive strength. As all the evaluated 
crowns showed stress concentration on the inner face (Figure 2), 
this suggests that it would fail at the adhesive interface because 

they presented the same stress as the other materials considered 
to have a better adhesive property21.

Lower stress concentration was observed using material with 
higher elastic modulus, e.g. zirconia crowns promote less chance of 
catastrophic failure in cement line between the crown and hybrid 
abutment (Figure 2). This protection has already been observed by 
other researchers who evaluated crowns with different materials19,22.

The most interesting finding in our results is the possibility of 
making hybrid abutment in materials with low elastic modulus, 
which considerably reduces the stress accumulation in the cement 
line (Figure 2). In a similar way, Weyhrauch et al.23 evaluated several 
crowns cemented on titanium abutments, and found a significant 
difference for the type of restorative material and not for the cement 
used. The combination of a ceramic crown with high elastic modulus 
in contact with the load application, and then a material with 
lower elastic modulus below the crown mimics enamel and dentin 

Figure 3. Stress distribution on the screw and on the implant according to Von Mises criteria. First leter correscponds to the crown material and 
the second letter, to the hybrid abutment ceramic material: Zirconia - Z, Lithium disilicate - L and Hybrid ceramic - H.
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behavior. This is an ambitious comparison; since dental implants 
have several limitations already described in the literature6, but shall 
be emphasized because this group presents superior biomechanical 
behavior to other combinations. Similar to materials disposition, 
the literature denominates a bio-inspired crown in the structure 
of zirconia crowns with vitreous ceramic copings10.

Figure  2 also shows that zirconia hybrid abutment can 
concentrate higher stress, however, it would not fracture before 
the other materials, as demonstrated by Elsayed et al.4 who tested 
zirconia and lithium disilicate as mesostructure. In spite of this, the 
generated stress could imply in adhesive failures, which makes a 
less rigid hybrid abutment more advantageous. In any case, when 
made in hybrid ceramic, the hybrid abutment present a better stress 
pattern, and still improve the stress distribution on the first cement 
line, therefore, making it the most suitable material.

Fixation screws and implants (Figure 3) did not show a significant 
difference in biomechanical behavior between groups. Despite this, 
these results could validate our 3D model through corroboration 

with the literature. The stress region of the screw is similar to the 
fracture regions already observed in the literature24, suggesting that 
although the restorative technique is different, screws from the 
external hexagon system would fail similarly to crowns performed 
by other already implemented techniques.

CONCLUSION 

Among this study’s limitations, it is possible to conclude that 
for external hexagon implant, the higher elastic modulus of the 
ceramic crowns associated with lower elastic modulus of the hybrid 
abutment shows a better stress distribution on the set, suggesting 
a promising mechanical behavior.
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