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Abstract

Objective: The objective of this study was to simulate the micropush-out bond strength test from a biomechanical
point of view. For this purpose, stress analysis using finite element (FE) method was performed.

Study design: Three different occlusal cavity shapes were simulated in disc specimens (model A: 1.5 mm cervical,
2 mm occlusal diameter; model B: 1.5 mm cervical, 1.75 mm occlusal diameter; model C: 1.5 mm cervical, 1.5
mm occlusal diameter). Quarter sizes of 3D FE specimen models of 4.0x4.0x1.25 mm? were constructed. In order
to avoid quantitative differences in the stress value in the models, models were derived from a single mapping
mesh pattern that generated 47.182 elements and 66.853 nodes. The materials that were used were resin composite
(Filtek Z250, 3M ESPE), bonding agent (Adper Scotchbond Multi-Purpose, 3M ESPE) and dentin as an isotropic
material. Loading conditions consisted of subjecting a press of 4 MPa to the top of the resin composite discs. The
postprocessing files allowed the calculation of the maximum principal stress, minimum principal stress and dis-
placement within the disc specimens and stresses at the bonding layer. FE model construction and analysis were
performed on PC workstation (Precision Work Station 670, Dell Inc.) using FE analysis program (ANSYS 10 Sp,
ANSYS Inc.).

Results: Compressive stress concentrations were observed equally in the bottom interface edge of dentin. Tensile
stresses were observed on the top area of dentin and at the half of lower side of composite under the loading point
in all of the FE models.

Conclusions: The FE model revealed differences in displacement and stress between different cavity shaped disc
specimens. As the slope of the cavity was increased, the maximum displacement, compressive and tensile stresses
also increased.
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Introduction

The ability to achieve a strong and durable bond be-
tween the restorative material and tooth structure is of
paramount importance for the clinical success of many
dental restorations (1,2). Of the materials available to
restore tooth structure, resin composites are being em-
ployed to a large extent in contemporary restorative
dentistry and characterized by mechanical properties
similar to dentin (1-3). They have good physical prop-
erties and can be used in conservative cavity prepara-
tion (2,3). Their elastic modulus, ultimate compressive
strength and hardness depend on the volume of the filler
in the restorative material (2).

Several different mechanical testing methods including
microtensile, shear and push-out tests have been used to
measure the bond strength of resin composite to dentin
(4-6). Amid these tests, the micropush-out test was de-
veloped to have fewer premature specimen failures and
a lower data distribution variability compared to both
trimmed and untrimmed microtensile specimens during
the bond strength evaluation (7,8). Nevertheless, some
difficulties associated with laboratory test methods led
the researchers to try a numerical solution (1). There-
fore, finite element analysis (FEA) was used in differ-
ent aspects of restorative dentistry to determine stress
distributions within the teeth and dental restorations,
and to study the sensitivity of bond strengths related
to specimen design and changes in testing conditions
(9,10). In this respect, the advantage of using FEA is
that it makes separation of the parameters and its effect
possible. However, this possibility does not exist with
the experimental test while interaction of the variables
is normally unavoidable (11).

The 3D-FEA is the preferred way for an optimal real-
istic analysis, and undoubtedly represents a more de-
tailed way to obtain useful mechanical information on
the stress distribution at the dentin-composite adhesive
interface (1). Therefore, previous studies have investi-
gated stress distributions in conventional shear and ten-
sile bond strength tests by using FEA (1,9,12,13). How-
ever, no FEA studies to date have assessed the effect of
cavity design on micropush-out bond strength of resin
composite to dentin.

In this study, a finite element analysis of micropush-out
test was performed to understand two aspects; firstly,
to give an impulse to standardization and to gain more
insight in the biomechanics of the micropush-out test,
secondly to identify the stress distributions at different
cavity configurations. The null hypothesis was that the
micropush-out bond strengths of resin composites to
dentin show dependence on the cavity design.

Material and Methods
The FEA models were generated using literature data
for internal volume and morphology of dentin (9,14).
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The models were constructed to simulate three different
cavity configurations in disc specimens with 1.25 mm
thickness: model A with 1.5 mm cervical and 2 mm oc-
clusal diameter; model B with 1.5 mm cervical and 1.75
mm occlusal diameter; model C with 1.5 mm cervical
and 1.5 mm occlusal diameter (Fig. 1a). Due to the sym-
metry, only one quarter of the specimen was simulated.
The coordinates of each point of the dentin discs were
put into the preprocessor of a FEA program (ANSYS 10
Sp, ANSYS Inc., Houston, USA) to build solid models
for the specimen. The solid model was then transferred
into a FEA program and meshed with 47.182 elements
and 66.853 nodes (Fig. 1b). Finite element models con-
struction and FEA were performed on PC workstation
(Precision Work Station M90, Dell Inc., Texas, USA).
The model of dentin disc restored with bonding agent
(Adper Scotchbond Multi-Purpose, 3M ESPE) and resin
composite (Filtek Z250, 3M ESPE) was subjected to a
pressure of 4 MPa from the cervical part of the discs
with 1.5 mm diameter, simulating the experimental set-
up during micropush-out testing. The elements in the
mesh were more condensed near the adhesive joint for
more detail. It was assumed that the materials used in
the model were elastic, homogeneous, and brittle, with
isotropic stiffness properties, but differed in ultimate
compressive and tensile strength properties. The val-
ues of Young’s modulus and Poisson’s ratio for dentin
(18.6 GPa, 0.31), adhesive system (4 GPa, 0.3) and resin
composite (11.5 GPa, 0.3) were used (9). The bonding
condition at the interface between the dentin and the
resin composite was assumed to be a complete bonding
achieved with bonding agent layer (30 um in thickness).
Displacement, tensile and compressive stresses between
the resin composite and dentin were recorded for each
model. The vector directions of stresses in models are
illustrated in (Fig. 2).

Fig. 1. a. Cavity models: model A. 1.5 mm cervical, 2 mm occlusal
diameter; model B. 1.5 mm cervical, 1.75 mm occlusal diameter;
model C. 1.5 mm cervical, 1.5 mm occlusal diameter, b. The 3-D
finite element mesh generated and used for stress analysis.



Med Oral Patol Oral Cir Bucal. 2011 Jan 1;16 (1):e119-23.

Fig. 2. Vector directions of stresses in three models (model A, B
and C).

Results

The contours of stress distribution in the vertical direc-
tion and displacement due to a uniform push-out load
are shown in (Figs. 3a, 3b and 3c). The maximum (+)
and minimum principal stresses (-), and displacement
from different cavity configurations are presented in
(Table 1).

It is apparent that compressive stress concentrations oc-
curred equally in the bottom interface edge of dentin
and top of composite under the pressing area for three
designs as demonstrated in (Fig. 3a). Minimum principal
stress at the top of composite increased from model C
to A. In addition, minimum principal stress of bonding
agent layer exhibited similar tendency for all models.
Maximum tensile stress arose at the lower side of com-
posite under the pressing area in all of the FE models
(Fig. 3b). On the other hand, in the model C, maximum
tensile stress at the top area of dentin decreased. Maxi-
mum principal stress of bonding agent layer increased
as the slope was increased.

Distribution of displacement in (Fig. 3c) illustrates that
displacement in model A was more than model B and
C. In model C, displacement of bonding agent layer was
in the range of 0 to 0.059 pm. However, in the model A,
displacement of bonding agent layer was in the range of
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Fig. 3. a. Maximum compressive stress in three models, b. Maxi-
mum tensile stress in three models c. Displacement for three mod-
els (model A, B and C).

0.059 to 0.236 um and the width of the range from 0 to
0.059 pum increased.

The results indicate a trend in the compressive and ten-
sile stresses to increase whenever the occlusal diameter
increases. Moreover, as the slope was increased, maxi-
mum displacement also increased (model C < model B
<model A) (Fig. 3¢).

Discussion

Bond strength measurements are widely used to evalu-
ate the effectiveness of adhesive systems and to provide
useful information on the adhesion between materials
and tooth structure (6). As for the push-out test evalu-
ated in this study, the test was designed as a “micro-
push-out test” and was a modification of a previous test
set-up (15). This method has been suggested to more
closely simulate the clinical conditions (5,7). Moreo-
ver, micropush-out test minimizes the laboratory time
and expense for the production of the specimens (5,7).
The stress distribution in the micropush-out test speci-
mens is expected to be uniform and uniaxial, enabling
the test measurements to express the true interfacial
bond strength between dental tissue and material (13).
A study by Soares et al. (7) reported more dependable
data with micropush-out test method and minimal dam-

Table 1. Tensile and compressive stresses during 4 MPa loading.

Cavity Maximum principal Minimum principal Displacement
configuration stress (Tension MPa) stress (mm)
(Compression MPa)
Model A 3.274 -20.285 472E-3
Model B 2.938 -15.685 .385E-3
Model C 2.466 -12.024 .306E-3
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age during preparation of the specimens. Similarly, a
recent study demonstrated the acceptable data distribu-
tion with micropush-out test when compared with the
microtensile test (5).

Since the investigation of stress distribution of teeth, in
particular after restoration is very complicated due to
complex geometry, 3D FEA might be a powerful tool to
visualize the problems (16). Nevertheless, FEA models
require experimental validation. FEA provides useful
information for determination of relative stress concen-
tration at the interface and in the two materials on either
side of an interface (9). Stress concentrates where a non-
homogeneous material distribution is present, such as
the interface regions. The differences of materials with
different modulus of elasticity represent the weak point
of the restorative system (14).

The results of this study demonstrated that the cavity
design affected the stress distribution, leading to the ac-
ceptance of the null hypothesis. Considering the com-
pressive and tensile stresses; model A, B and C exhibited
similar stress areas (Figs. 3b and 3c). However, model
C presented the lowest maximum and minimum stress,
and displacement values (Table 1). The main aim of a ta-
pered cavity design in this study was to distribute micro-
push-out load to a larger area of the restoration. None-
theless, it was found that a larger surface area resulted
in higher compressive and tensile stresses. Regardless
of the material tested, recent studies showed that bond
strength tends to decrease as the bonding area increases
(5,7,17). Soares et al. (7) tested the stress distributions
and bond strengths of glass posts to intraradicular den-
tin by comparing microtensile and micropush-out tests.
That study showed lower mean bond strength values
with micropush-out test and related these results with
larger bonded surface areas. Ghassemich (11) evaluated
microtensile bond strength of dental adhesive systems
for different specimen geometries in equal surface ar-
eas (stick, dumbell and hourglass geometries) and found
the lowest bond strength and highest stress values with
the hourglass shaped specimens.

There are some possible reasons for the higher stress
and displacement values obtained with model C. Firstly,
in each of the models materials have different volumes.
Besides, Young’s modulus is different between dentin
and resin composite (8,13). Young’s modulus describes
the relative stiffness or rigidity of a material and the
stress-strain relationship for a given material under load
(18). The tooth itself is a composite of dentin and enamel,
which are elastically totally different materials. The one
with the lowest Young’s modulus which could be used
as a standard is dentin with an elastic modulus of 18.6
GPa (9). The Young’s modulus of resin composite used in
this study was lower than dentin (11.5 GPa). In model A,
the volume of low Young’s modulus of resin composite is
much larger than it is in model C, so model A has high-
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er displacement than model C. Since resin composite’s
Young’s modulus is lower than dentin, model A has much
volume of low Young’s modulus of resin composite.
Although the displacement of model C demonstrates
that the light blue area (0.59¢-4 to 0.118¢-3) is narrow,
this light blue area is getting wider from C to A (Fig.
3c). Therefore, the area of displacement in bonding
agent layer and total displacement is getting higher.
Secondly, the direction of stress at the bonding agent
layer is different in each model (Fig. 2). In the bonding
agent layer of model C, the direction of tensile stress is
45° so main stress direction in this model is shear direc-
tion. However, in models A and B, as the angle of direc-
tion of tensile stress (< 45°) in the bonding agent layer
decreases, the main stress direction changes to tensile
stress. It is worthwhile to point out that tensile stress in
the bonding agent layer is less desirable. This rationale
may explain why the bonding agent layer, which is low-
est and weakest material in this study, should be situat-
ed parallel to the loading direction. Finally, each model
has the same material properties, boundary and loading
conditions. Therefore, the important factor that plays a
role in stress values could be different cavity design.
Previous studies have shown that the risk of friction is
higher with cylindrical versus conical (tapered) posts
and reported that the increase in the area of friction may
lead to an overestimation of the bond strength (19,20).
Similarly, Patierno et al. (4) reported that in micropush-
out test, straight-walled cylindrical preparation would
present more frictional resistance to restoration dis-
lodgement than would a tapered preparation. However,
in this study, the higher tensile and compressive stress-
es were observed with the more tapered preparation
(model A). Conflicting results in these studies could be
attributed to the assumption that dentin is an isotropic
material. In this sense, results from FEA that have not
been validated should be viewed with great reserve, es-
pecially in the case of dentin in which the anisotropy
due to the dentinal tubule can hardly be modeled as an
isotropic material (1). The results from FEA analysis do
not exactly mimic what occurs in laboratory mechani-
cal testing. Thus, these results require careful analysis
when being compared with what happens in vitro.

The present study investigated the question of how cav-
ity design in dentin discs, might be simulated in the
commonly used FEA in order to produce more clini-
cally relevant results. Since, it is impossible to include
all of the factors encountered in the oral environment
in a computer simulation, further laboratory studies
should be performed to validate the experimental model
presented in this study. Results of this study may assist
researchers in choosing the most reliable cavity design
for micropush-out bond strength test.

Within the limitations of this finite element study, the
following conclusions were drawn:
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1. FEA results demonstrated that different cavity de-
signs might affect the micropush-out bond strengths of
resin composites to dentin.

2. The results indicate a trend in compressive and ten-
sile stresses, and displacement to increase whenever
the occlusal diameter increases (model C < model B <
model A).
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