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a  b  s  t  r  a  c  t

Objective. To study the influence of the different class II mesio-occlusal-distal (MOD) cavity

shape on the stress and strain distributions in adhesive indirect restorations, using numer-

ical finite element analysis (FEA). To investigate the relationship between restored teeth

failure and stiffness of food, three values of Young’s modulus were used for the food.

Methods. A 3D model of a sound lower molar and three class II MOD cavities with differ-

ent  shape were created. Slide-type contact elements were used between tooth surface and

food.  An adhesive resin-based cement, modeled with fixed-type contact elements, and a

single restorative filling materials were considered. To simulate polymerization shrinkage

effect, which is basically restricted to the thin composite cement layer, shell elements were

employed and the thermal expansion approach was used. A vertical occlusal load of 600 N

was applied, while assigning fixed zero-displacements on the cutting surfaces below the

crevices. All the materials were assumed to be isotropic and elastic. A static linear analysis

was  carried out.

Results. In the lingual cusp, the displacements increased as the values of the stiffness

food increased. In the restored teeth, the stress near the restoration-tooth interface was

strongly dependent on the MOD cavity shape. The stress peaks were mainly located along

the  enamel–dentin interface at the lingual side; wedge-shaped MOD cavity with a low angle,

in  combination with the lowest food stiffness provided the best results.

Significance. A more complex load application on the occlusal surfaces was introduced. Food

stiffness slightly affected the stress distribution of the restored and sound teeth. Teeth with

adhesive class II MOD indirect resin composite restorations were potentially more suscep-

tible to damage if the class II MOD cavity-margin-angle was higher than 95◦. Restored teeth

with a higher cavity-margin-angle led to considerable stress concentration in the lingual
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cusp along the enamel–dentin interface. These models were more  susceptible to fracture in

the  lingual cusps when compared to the buccal ones.

©  2016 The Academy of Dental Materials. Published by Elsevier Ltd. All rights reserved.

1.  Introduction

Resin-based composite materials are widely used in indirect
adhesive restorations particularly in class II MOD cavities
[1]. A promising advantage is the well known possibility
to bond an inlay using modern adhesive materials [2,3]. In
addition, indirect restorations rather than direct restorations
could help in reducing the polymerization shrinkage, which is
basically restricted to the thin composite cement layer [4,5].
The polymerization shrinkage of the resin-based compos-
ites represents one of the main causes of leakage in dental
restorations. This is also influenced by different parameters,
such as the material properties, cavity configuration factor
(C-factor) [6,7], cavity size, presence or absence of enamel
at the cavity margins, and the dentin quality, morphology,
and location [8,9]. Residual shrinkage stress distributions in
molars after composite restoration have been investigated
by means of 3D finite element analysis (FEA) and compared
to shrinkage strains measured by the strain gauge experi-
ments [10]. In indirect restoration method, the polymerization
of the resin composite occurs only in a laboratory oven,
outside the oral cavity. Thus, the composite resin inlay restora-
tion has improved mechanical properties [8]. However, with
regard to restorative materials, considerable disadvantages
are also reported. First, there is a great mismatch between
the mechanical properties of the employed filling materi-
als and dental tissues. Furthermore, the occlusal loading of
adhesively restored class II MOD  restorations did not lead
to equal fracture strength and comparable fracture or stress
pattern [11], depending on the intensity of the masticatory
loading, on the contact-points or on the contact-area of the
applied load, on the used test [9,12]. Also, repeated functional
loading will determine fatiguing of the restored tooth [13].
Crack growth and propagation inside the restored teeth under
occlusal fatigue loading have been investigated in simulated
conditions by means of 3D FEA, reproducing a standard load
application [14]. However, cohesive or adhesive cracks and
fracture patterns are not always similar. Thus, it is still diffi-
cult to understand and to investigate their propagation and
where and when was the origin. The influence of the cav-
ity size and design of class II MOD  indirect restorations have
been frequently considered in terms of mechanical resistance.
Cavity materials angles (CMA) can be differently squared to
achieve a better stress distribution during mastication, also
avoiding the stress concentration along the occlusal margins,
as well as to reduce or to eliminate microcrack developments
[15]. It is well reported that dental research may be expen-
sive and ethically questionable if carried out on live subjects.
On the other hand, the use of virtual models and simulation,
can contribute to perform interesting investigations reducing
the costs of in vitro and in vivo experiments and improving
the benefits [16–18]. Accordingly, in the adhesive and restora-

tive dentistry a great interest has been focused on CAD-FEM
modeling [19,20] and several studies focused on the stresses
at the tooth-restoration interface, as well as on the transfer
of occlusal forces through molars and on the tooth deforma-
tion [21]. In this context, the study investigated the stresses
induced in a mandibular molar during clenching and chew-
ing of morsels with different values of Young’s modulus. As
reported in the literature, teeth experience a force whose
magnitude is dependent on the food bolus stiffness [22]. The
mastication force is distributed over the bolus surface, which
is in contact with the mandibular and maxillary teeth when
the bolus is compressed [23]. During mastication the gliding
phase does not always occur. Anyway, it starts when the total
compression of the food bolus occurs (i.e., tooth-to-tooth con-
tact), continuing until the start of the preparatory phase (i.e.,
the jaw begins to open). At contact, the mastication force is
concentrated in the occlusal contact area [24,25]. Accordingly,
in the current research a 3D model of an untreated lower
molar was developed and analyzed. Over the last decade, great
efforts have been made in the development of process and
analysis techniques as well as in the design of polymer net-
works for dentistry and tissue engineering applications [26].
So, the FEM model was soon generated. Finally, three differ-
ent class II MOD indirect cavities were modeled and restored
with a resin-based composite material. The variability of the
masticatory function, depending on the contact between tooth
surface and food bolus, was considered. The influence of both
different MOD cavity shape and stiffness on the stress and
strain distributions was assessed.

2.  Materials  and  methods

2.1.  Generation  of  tooth  solid  model

A 3D model of the sound tooth, described in a previous work
[14], was used in the current study. It was digitized with a high
resolution micro-CT scanner system (1072, SkyScan, Belgium).
A total of 471 slices was collected using an image  resolution
1024 × 1024 pixels, a voltage at 110 kV and a voxel dimension
of 19.47 �m.  As the aim of this study was mainly focused
on the macro-structure of the tooth, there was no need for
all slices. Just 91 slices were properly required. Isosurfaces
were detected by using the “K-Means” clustering algorithm
that operates by grouping image  pixels, defined with their
gray scale, into K groups/clusters. A constant pixel value (the
centroid of the cluster) is associated with each cluster. By
using this classification, for the ith slice, logical matrices (pixel
mask) of pixels are introduced: the value of the tth pixel is
equal to “1” if it belongs to the kth cluster, otherwise it is
assumed equal to “0”. In the present application, the number
of clusters was two: enamel and dentin regions. Once clus-
tering classification was performed for all image  slices, 3D
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