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Dentistry is a branch of medicine with peculiarities and diverse areas of action, being commonly consid­
ered as a very interdisciplinary area. The development, validation and clinical use of more competently 
techniques and technologies have been of great demand and interest. 

The purpose of these BIODENTAL Conferences on Biodental Engineering, initiated in 2009, is to 
solidify knowledge in the field of bioengineering applied to dentistry promoting a comprehensive forum 
for discussion on the recent advances in the related fields in order to identify potential collaboration 
between researchers and end-users from different sciences. 

This book contains the full papers presented at the 3rd International Conference on Biodental Engi­
neering (BIODENTAL 2014), which was held in P6voa do Varzim, Porta, Portugal, in June 22- 23. The 
conference had 2 Invited Lectures, and 72 contributed presentations, which were selected by the con­
ference scientific committee, and originated from 14 countries: Belgium, Brazil, China, Chile, Ecuador, 
Fmnce, Germany, Greece, Italy, Poland, Portugal, Romania, Spain and the United States of America. 

During BIODENTAL 2014, several topics and applications were addressed, including biomechanical 
disorders, orthodontics, implantology, aesthetics, dental medicine, medical devices and medical imaging. 

The conference eo-chairs would like to take this opportunity to express their gratitude to the confer­
ence sponsors, all members of the conference scientific committee, invited lecturers, session-chairs and to 
all authors for submitting and sharing their knowledge. 
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Fracture resistance of single-tooth implant-supported 

P.A.G. Piloto 
Polytechnic lnstitllle of Bragml('ll, Braganc:a. Porlllgal 

J.F. Piloto 
Unil'ersity Fenumdo Pessoa, Porta, Portugal 

ABSTRACT: The purpose of this study is to identify and compare the fracture behaviour of the 
ceramic used in a single-tooth implant-supported. This type of prosthesis is mainly used when a single 
tooth replacement is needed. Two different materials arc tested for the abutment (ceramic and titanium), 
assuming fully connection to the crown. The implant is made of titanium. The numerical simulations 
used the concept of continuous damage mechanics to predict crack pattern when loading the tooth in the 
vertical direction. The ceramic abutment grants an increase of 10% in fracture resistance and is able to 
accommodate a larger extension of damage material of the crown. 

INTRODUCTION 

Replacing teeth with implant supported restora­
tions is one of the normally used treatments to 
provide an aesthetic and functionality result. Tita­
nium implants are successful medical devices and 
their clinical survival rates are good, but the visual 
colour of the implants and abutments can result in 
an unnatural appearance. The presence of a gray 
gingival discoloration may be attributed to a thin 
gingival tissue thickness in the area around the 
abutment that is unable of blocking reflective light 
from the metal abutment surface. To overcome this 
aesthetic problem, the ceramic abutment has been 
increasingly used for dental implants, Aydm et al. 
(2013), Aramouni et al. (2008). 

Ceramic material presents good chemical and 
dimension stability, high strength, tooth like col­
our, low thermal conductivity and low corrosion 
potential. 

All the implants should have the ability to with­
stand physiological forces. The material and the 
geometry of implants should be well tested and 
analysed to safely design this medical devices. 
Occlusal forces were reported in the range of 
90-370 Nand 150 to 235 N in the anterior region, 
Haraldson et al. (1979) and Paphangkorakit 
et al. ( 1997). Loads of this magnitude should be 
safely supported by this kind of materials, used in 
implants, abutments and crowns. 

This paper deals with the fracture behaviour of 
a single-tooth implant-supported, considering an 
implant made of titanium and using two different 
types of materials in the abutment. The geometry 
of the implant, abutment and crown is depicted 
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in Figure I (solid model in the left and numerical 
model in the right). 

This finite element model uses the incremental 
procedure to update the state of equilibrium in 
conjunction with an iterative method, accounting 
for the nonlincar behaviour of the materials. 

The smear approach of cracking or crushing 
is predicted by the stress level determined by ten­
sion or compression, maintaining the continuity of 
the displacement field, where the material became 
ineffective. 

All specimens were simulated to fracture resist­
ance using compressive load on the cusp surface 
of the crown. The implant is considered fully 
restrained in the threaded area. 

Figure I. Geometric and finite element model of a 
single-tooth implant-supported. 



The amount of damage is going to be compared 
between two different models, and typical load dis­
placement curves are also plotted. Stress modifica­
tion is expected around the damaged volume and 
results will also be analysed. 

2 OBJECTIVES 

The objective of this research is to compare the 
fracture resistance, damage extension and location 
on ceramic material, depending on the material of 
the abutment (stiffness of the material). 

An incremental loading step is applied in the 
cusp zone in the direction parallel to implant, until 
the maximum load bearing is reached. The pattern 
of cracking and crushing is calculated. Cracking 
is the ultimate state condition under tension while 
crushing is represented by compressive stress state. 

3 MATERIALS 

Two different materials are defined for numerical 
simulation of this single-tooth implant-supported. 
The adherence between them is not considered in 
tlus research, assuming perfect contact between 
both. The ceramic material should be considered 
as brittle material, using adequate constitutive 
relations and the titanium should be considered as 
normal ductile material behaviour. 

Ceramic material presents higher strength 
resistance in compression than in tension. Figure 2 
represents the mechanical behaviour under uniax­
ial stress conditions, being the material capa­
ble of stress relieving under tension stress. This 
behaviour is normally used to increase numerical 
convergence. 

er 
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Table I. Material properties for ceramic material. 

Model 

Linear 
(tension/ 

compression) 
Non- linear 

(compression) 

Failure model 

EU 

Property/Function 

Elastic modulus (E) 
Poisson coefficient 

STRAIN{E) 
0 
0.005 I 56 (Ecy) 
0.010000 (ECU) 
Shear transf. coef. 

(open crack) 
Shear transf. coef. 

(closed crack) 
Tensile cracking stress 

(at) 
Compressivc crushing 

stress (ere). 
Stiffness mull. for 

cracked tensile 

er 

EY 

Lj E 

ere 

Value 

66.9[GPa] 
0.29 

STRESS (er) 
0 
345 [MPa] 
345 [MPa] 
0.25 
0.90 
120[MPa] 
345 [MPa] 
I 

Ell 

Figure 3. Typical stress-strain relation for titanium. 

Material may undergo plastic behaviour under 
compression. Table I represents the linear and 
nonlinear material properties, together with main 
parameters of the failure model, based on Willam 
and Warnke (1975) criterion. 

Titanium alloy is considered ductile material, 
which means that material presents linear elas­
tic and may undergo plastic deformation, under 
tension and compression, see figure 3. Strain 
values for ultimate stress may present values 
close to 20%. 

Table 2 represents the material properties 
for tension and compression of titanium. An 

Figure 2. Typical stress-strain relation for ceramic elastic and perfect plastic model behaviour is 
material. considered. 
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Table 2. Material properties for titanium alloy 
material. 

Model Property/Function Value 

Linear 
(tension/compression) 
Non-linear 
(tension/compression) 

Elastic modulus (E) 
Poisson coefficient 
Strain(£) 
0 
0.002068 (Ey) 
0.200000 (Ell) 

116[GPa) 
0.34 
Stress (cr) 
0 
240 (MPa] 
240(MPa] 

4 METHOD OF ANALYSIS 

The geometry of this single-tooth implant-sup­
ported was defined as parasolid format in Solid­
works CAD software and then fully transferred 
to the analysis ANSYS software. The geometry is 
mathematically modified using finite solid 65 ele­
ment and solid 185 element to represent ceramic 
and metallic material, respectively, sec figure 4. 

The 3-D solid 65 is capable of cracking in ten­
sion and crushing in compression. The element 
is defined by eight nodes having three degrees of 
freedom at each node: translations in the nodal 
x, y, and z directions. This element is similar to 
a 3-D structural solid but with the addition of 
special concept of continuous damage mechanics 
(smeared approach). This element assumes non­
linear material properties, capable of cracking (in 
three orthogonal directions), crushing and also 
undergo plastic deformation. Typical shear trans­
fer coefficients range from 0.0 to 1.0, with 0.0 rep­
resenting a smooth crack (complete loss of shear 
transfer) and 1.0 representing a rough crack (no 
loss of shear transfer). This specification may be 
made for both the closed and open crack. When 
the element is cracked or crushed, a small amount 
of stifTness is added to the element for numerical 
stability. The stress relaxation is associated with 
the stiffness multiplier (1) and is only used to help 
accelerate convergence of the calculations when 
cracking is imminent, Ansys Inc (2014). 

The 3-D solid 185 is normally used for model­
ling solid s tructures. It is defined by eight nodes 
having three degrees of freedom at each node: 
translations in the nodal x, y, and z directions. The 
element can take into account plasticity and other 
material constitutive models. 

Two difTerent major models arc simulated (model 
I and model2). Both models present 56462 nodes 
and 299534 finite elements. Model 1 presents the 
abutment in titanium, while model 2 presents the 
abutment in ceramic material. 

Large displacement statics is used to solve this 
numerical simulation, using the arc length solution 
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a) Model I -Abutment in 
titanium. 

b) Modcl2- Abutment in 
cemmic muteriul. 

Figure 4. Finite clement models to be compared. 

method, with a mtmmum incremental displace­
ment of 0.005 mm and a maximum incremental 
displacement of 0.25 mm on the cusp zone. The 
iterative solution accounts for a maximum number 
of 50 iterations, using the convergence criteria of 
0.1 in force. 

5 NUMERICAL RESULTS 

The nonlinear behaviour of the material on the 
cusp zone of model I is represented in Figure 5. 
Typical load displacement curve is plotted, allow­
ing to determine the fracture resistance (maximum 
load) of the single-tooth implant-supported. Tllis 
model is unable to accommodate the displacement 
of the loading region due to the higher stifTness of 
the abutment (titanium). 

Figure 6 represents the formation of cracking 
and crushing in the cusp zone for model I , where 
load is increased up to the maximum compressive 
load (284 N). The extension of damage volume is 
represented as function of load increments. These 
load increments arc automatic determined, based 
on the minimum increment of load. 

The post processing of cracking and crushing is 
made with circles at locations of damage in ceramic 
elements. Cracking is represented with a circle 
outline in the plane of the crack, and crushing is 
shown with an octahedron outline. If the crack has 
opened and then closed, the circle outline will have 
an X through it. Each integration point can crack 
in up to three diiTerent planes. The first crack a t an 
integration point is shown with a red circle outline. 
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Figure 5. Fracture resistance for model 1. 

g) Sub step 07. Land 186 N. h) Sub step 08. Land 153 N. 

Figure 6. Progressive damage in crown due to load 
increments on model I. 

the second crack with a green outline, and the third 
crack with a blue outline. 

When both cracking and crushing are used 
together, care must be taken to apply for small incre­
ments of load, preventing fictitious crushing of 
the concrete before proper load transfer can occur 
through a closed crack. This usually happens when 
excessive cracking strains are coupled to the ortllOg­
onal uncracked directions through Poisson's efTect. 

Figure 7 depicts the von Mises Stress for each 
load increment. The material of the crown starts 
to initiate fracture before entering in the plastic 
domain. The stress field increases with load, but 
starts to be modified as soon as the amount of 
damage volume increases. Eight sub steps are repre­
sented in the von Mises scale, between 20 MPa and 
350 MPa. The region with gray colour represents 
points with equivalent stress smaller than 20 MPa . 

. ;.'(a:~ .~rt·c:a· 71E-ot . 1 3:E•,,.um::·Cl.:c!t•:"J':1tJt~ .ZHt:+OJ 'Jl.!E:..a . S!l%:·~ 

n) Sub step 01. Load 182 N. b) Sub step 02. Load 268 N . 
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c) Sub step 03. Load 273 N. d) Sub step 04. Load 282 N. 
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c) Sub step 05. Load 284 N. I) Sub step 06. Load 206 N. 
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g) Sub step 07. Load 186 N. h) Sub step 08. Load 153 N. 

Figure 7. von Miscs stress for different load values on 
model I. 
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Figure 8. Fracture resistance for model 2. 

g) Sub s lep 07. Load 272 N. h) Sub step 08. Load 263 N. 

Figure 9. Progressive damage in crown due to load 
increments on model 2. 
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c) Sub slcp 05. Load 295 N. f) Sub step 06. Load 278 N . 
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g) Sub step 07. Load 272 N. h) Sub step 08. Load 263 N. 

Figure 10. von Miscs stress for dilTerent load values on 
modcl2. 

Figure 8 represents typical load versus dis­
placement on the cusp area of loading for model 
2. There is an initial linear behaviour, followed by 
a nonlinear behaviour, justified by the decrease 
of resistance due to cracking and crushing. The 
amount of vertical displacement of the loading 
area is higher in model 2. 

Figure 9 represents the formation of cracking 
and crushing in the cusp zone for model 2, where 
load is increased up to the maximum compressive 
load (300 N). 

The extension of damage in the ceramic mate­
rial is higher for model 2, mainly due to the diiTer­
ence of stiJTness of the abutment. 

Figure 10 depicts the von Mises Stress for each 
load increment (sub step). The material of the 
crown starts to initiate fracture before entering in 
the plastic domain. The stress field increases with 
load, maintaining the maximum stress level at the 
tip of the cracking surface. 



6 CONCLUSIONS 

Two different finite element models were tested 
under compressive load. The material of the abut­
ment is responsible for differences of 10% in frac­
ture resistance. The amount of damage volume is 
also different between model! (titanium abutment) 
and model 2 (ceramic abutment). 

The compressive and tensile strength of the 
material of the crown is one of the most impor­
tant parameter to access the fracture resistance of 
a single-tooth implanted-supported. 

The aesthetics of an implanted supported resto­
ration is improved with the development of abut­
ments and implants in ceramic material. 
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