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The aim of this study is to investigate the stress distributions of different restoration options for class II mesio-occluso-distal
(MOD) cavities. A class II MOD cavity with proximal box gingival floor 1 mm below cementoenamel junction was designed in a
mandibular first molar tooth model. 3D finite-element analysis (FEA) and 3D-CAD modelling were used to examine the
occlusal stresses distributed to the remaining buccal enamel (RBE), remaining lingual enamel (RLE), adhesive surfaces, and
restorative materials by direct and indirect materials resulting from a 600N of static occlusal load stimulating foodstuff. von
Mises (VM) and maximum principal (Pmax) stresses were evaluated for two CAD/CAM materials and three direct materials.
CAD/CAM materials exerted less stress than the direct restorative materials. Significant von Mises and Pmax stress value
differences were seen among all restoration models on RBE. Reducing RLE and including it into the cavity would be a more
effective option for this model in this scenario. As VM and Pmax stresses of PIHC CAD/CAM material for RBE and dentin
were significantly lower than other tested materials, it may be the choice of material for indirect MOD restorations.

1. Introduction

Functional and parafunctional forces in the mouth can cause
stress on the sound teeth, on supporting bone, on soft tissues,
and on adhesively restored teeth after dental therapy [1].
Determining the distribution and analysis of these stresses
are of fundamental importance in the extensive research,
and they can consistently contribute to reduce the risk of den-
tal restoration failure [2]. Today, several novel therapeutic
approaches and materials have been developed to maximize
the protection of healthy enamel and dentine tissues after
cavity preparation and restoration of decayed teeth [3]. How-
ever, the longevity of the posterior restorations is limited by
many factors. Type/shape and size of the cavity, materials,
patient, and dentist are some of these factors [3]. Class II
mesio-occlusal-distal cavities significantly weaken the teeth,
and the restorations applied to these cavities should resist
the chewing forces [4, 5]. The best restorative material and
restoration type for a good treatment is still being investigated.

First permanent molars are the most affected teeth with
dental caries due to the time of eruption, morphology, and
position of the tooth in the oral cavity [6]. Class II mesio-

occlusal-distal (MOD) restorations should be strong enough
to resist the chewing forces [6-9]. Studies have been carried
out for the best restorative option for extensive tissue loss for
the mandibular first molar. In order to replace the lost tooth
structure, dentists need appropriate restorative materials
[10]. Even though the ideal material does not exist yet, the
restorative material should be able to replace both enamel
and dentin [8]. The elastic properties of the materials should
be similar to the tooth structure [11]. However, both enamel
and dentin have different elastic properties [12, 13]. Hence,
care must be taken while choosing the appropriate restor-
ative material.

In class II cavities, if all margins of the cavity are in
enamel, the success rate of the restoration increases; on the
contrary, it decreases when the cavity margins are in dentin
or cement. Nowadays, different restorative materials are used
alone or together to reduce the negative effects of the stresses
on the tooth. Amalgams and composites are still being used;
on the other hand, there are some other new options like
glass carbomer cement (GCC) and computer-aided design/-
manufacturing (CAD/CAM) materials [14, 15]. Nowadays,
bulk-fill composite restorations are commonly used, and it
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is reported that there are failure risk and potential marginal
damage [4]. In another study, the flowable resin composite
and bulk-fill composite combination was compared with
glass ionomer cement (GIC) and bulk-fill composite, and
only the bulk-fill restoration showed that glass ionomer
cement used as a base under bulk-fill composite was more
successful than the other groups [16]. Resin composite and
nonshrink glass ionomers in bilayer restorative technique
combination was compared with the bulk-fill composite
which pointed out that resin composite with glass ionomer
combination has better resistance to residual stresses during
shrinkage and loading [4].

Finite element (FE) stress analysis is a popular technique
that helps to better understand the dental biomechanics of
any given geometry consisting of a mesh of elements with
given mechanical properties [17-20]. The FE method sepa-
rates the area to be examined into small and simple elements
and is based on the principle of “moving from part to
whole.” Based on the state of elements connected to each
other by the nodes, the deformation of the entire structure
in each node, the stresses, and the resulting variables can
be calculated. Since the teeth are different in shape, alveolar
bone, periodontal ligament, and many related structures do
not show symmetry, they have to be simulated in 3D for a
reliable analysis [21].

The aim of this study was to examine the stress distribu-
tion under a simulated occlusal loading condition in tooth
tissues and different restorative materials applied with differ-
ent techniques on mandibular first molar tooth having a class
II mesial-occlusal-distal (MOD) cavity with proximal box
gingival floor within dentin, by the 3D finite element stress
analysis method.

2. Materials and Methods

This 3-dimensional (3D) FE study was performed using Rhi-
noceros 4.0 3D modeling software (McNeel North America,
Seattle, WA, USA), VR Mesh studio meshing software (Vir-
tual Gird Inc., Bellevue City, WA, USA), and Algor Fempro
analysis programme (ALGOR, Inc. Pittsburgh, PA, USA). A
3D finite element model of the permanent mandibular first
molar was built according to the standard anatomy described
in Wheeler’s atlas (“Wheeler’s Dental Anatomy, Physiology
and Occlusion -9th Edition” n.d.). After the models were cre-
ated geometrically with the VRMesh software, they were
transferred to the Algor Fempro (Algor Inc., USA) software
in stl format to make them ready for analysis. The stl format
is of universal value for 3D modeling programs. As the coor-
dinate information of the nodes are stored in the stl format,
there is no information loss when transferring between pro-
grams. After the model is compatible with the Algor software,
it is necessary to introduce the materials and the tooth struc-
tures, as well as the created model is mandible to the soft-
ware. The physical properties of materials (elasticity
modulus and Poisson ratio) are defined for each of the struc-
tures that make up the models.

The final modeling and scaling of the tooth were done by
using the Rhinoceros software. The intact lower first molar
tooth (IT) was modeled as the control group (Figure 1(a)).
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A thickness of 0.2mm for periodontal ligament and 2 mm
for cortical bone was modeled around the tooth [22, 23].
All oral tissues and materials used were assumed to be linear,
homogenous, and isotropic.

Class II MOD cavity was modeled in Rhinoceros, and the
restored models were obtained by using Boolean operations
between the cavity, enamel, and dentin surfaces [16]. An
MOD cavity with a proximal box gingival floor located in the
dentin, ] mm below the cement-enamel junction, was designed
for the tooth. The bucco-lingual size of the cavity was 2.6 mm,
the depth of the cavity was 3 mm, and the gingival wall width
was 1.5 mm [24, 25]. The cavity walls were tapered with 5° from
the base of the cavity to the cavosurface [12] (Figure 1(b)).

The cavity was then restored with different direct and
indirect materials. The adhesive surface was modeled as
30 um [26] for the direct restorations (models 1-3), and the
luting cement layer was designed as 100 ym for indirect
materials (models 4 and 5). Five restoration models were
generated:

Model 1 (M1): the cavity surface was covered with 30 ym
adhesive layer, and the rest of the cavity was restored with
amalgam.

Model 2 (M2): the cavity surface was covered with 30 yum
adhesive layer, and the rest of the cavity was restored with
glass carbomer cement (GCC).

Model 3 (M3): 1mm resin-modified glass ionomer
cement (RMGIC) base which covered the dentin floor and
axial walls of the cavity was modeled. Subsequently, a
30 um adhesive layer was placed on the surface of RMGIC,
and the remaining surfaces of the cavity were restored with
resin composite.

Model 4 (M4): after the cavity surface was covered with
100 ym dual-cure resin cement layer, the rest of the cavity
was restored with nanoceramic resin CAD/CAM material.

Model 5 (M5): After the cavity surface was covered with
100 pm dual-cure resin cement layer, the rest of the cavity
was restored with polymer-infiltrated hybrid ceramic (PIHC)
CAD/CAM material.

The mechanical properties of oral tissues and dental
materials including Young’s modulus and Poisson’s ratio
used for the analysis were presented in Table 1.

Bricks and tetrahedral solid elements with different
numbers of elements and nodes were prepared to generate
the models (Table 2).

The surface of the food bolus in touch with the occlusal
surface of the tooth was modeled as a copy of the occlusal
tooth surface (Figure 2(a)). A 600N static occlusal load was
used parallel with the Ausiello 2017 study [3] on the food
bolus (Figure 2(b)) stimulating foodstuft as in previous studies
[3, 21]. von Mises and maximum principal stresses (Pmax)
on the remaining buccal and lingual enamel, remaining
dentin, restorative materials, and adhesive surfaces were
evaluated in megapascal (MPa) separately for all models.
Stresses differing below 5% were accepted as similar.

3. Results

Intermediate von Mises (54.86 MPa) and Pmax (12.81 MPa)
stress values were observed on the sound tooth model on
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FIGURE 1: (a) Intact lower first mandibular molar model. (b) MOD cavity shape of the model.

TaBLE 1: Mechanical properties of oral tissues and dental materials including Young’s modulus and Poisson’s ratio used for the analysis.

Material/tissue Young’s modulus (MPa) Poisson’s ratio (v) Reference
Enamel 84100 0.33 13
Dentin 18600 0.32 13
Amalgam 15000 0.30 16
Composite 10,000 0.21 17
Resin modified glass ionomer cement 12162 0.30 16
Glass carbomer cement 8300 0.3 5
Nanoceramic resin CAD/CAM material 12700 0.45 13
Polymer-infiltrated hybrid ceramic CAD/CAM material 37800 0.24 13
Dual-cure resin cement 6,000 0.30 18
Cortical bone 10700 0.3 13
Trabecular bone 1.370 0.3 19
Periodontal ligament 68.9 0.45 13
Pulp 2.0 0.45 17
Adhesive 3000 0.30 1
Food bolus 10 0.30 Ausiello 2017 (19)

TaBLE 2: Number of elements and nodes of the models.

Model Elements Nodes
M1 285404 55677
M2 285404 55677
M3 285404 55677
M4 308036 61426
M5 308036 61426
Intact tooth 207261 40111

the enamel. In the sound tooth model, von Mises and Pmax
stresses were highly observed in the cervical region
(67.95MPa) of the enamel with 67.95MPa and 7.28 MPa
values, respectively.

The Pmax values of all restoration models and the von
Mises values of M3, M4, and M5 were greater in the RLE than
in RBE. M1, M2, M4, and M5 exhibited similar VM stresses
to RLE, whereas M3 transferred the least stress (Figure 3).
Consideration of the Pmax stress values accumulating on
RLE pointed out that the comparison of all tested restoration
models except M1 and M2 (25.82MPa, 25.40 MPa) had
significant differences. The two models also exhibited the
lowest stress values accumulated on RLE while the maximum
value accumulated on M5 with 31.84 MPa. In case of lingual
enamel tissue, stress location for VM stress occurred over a
narrow area in the lingual cervical region in all the models
tested. On the contrary, Pmax stress was observed intensely
as a large band below the mesiolingual and distolingual cusps
to the lingual cervical region in all the direct and indirect
restorations (Figure 4).
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FIGURE 2: (a) Food bolus with regard to occlusal surface shape. (b) Load application on intact tooth model.
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FIGURE 3: Stress values and distributions among restoration models. RBE: remaining buccal enamel; RLE: remaining lingual enamel; RM:

restorative material; Pmax: maximum principal stress.

Significant von Mises and Pmax stress value differences
were seen among all restoration models on RBE. The mini-
mum values were observed in M5 followed by M4, M3, M1,
and M2 as seen in Figure 3. 600 N occlusal load extremely
increased the stress magnitudes of glass carbomer cement
on the remaining dental tissues. In terms of stress location,
Pmax stress occurred mostly in the mesiobuccal cusp for
M1, M2, M3, and M4 and in all the inner surface and proxi-
mal walls of the buccal wall (Figure 5). As for polymer-
infiltrated hybrid ceramic CAD/CAM inlay, Pmax stress
did not occur in the buccal cusps but at the proximal walls.
For VM stress, the lowest value was exhibited by polymer-
infiltrated hybrid ceramic CAD/CAM inlay (46.27 MPa),

and it occurred in the mesio- and distobuccal cervical region
of the model showing similarity with the other tested models
in location.

In case of dentin, minimum von Mises and Pmax stress
values were seen on indirect restoration models (M5 followed
by M4), and maximum values were observed on M2 among
the tested restoration models (Figure 3). Intact tooth model
showed lower von Mises stress (16.92MPa) value than
restoration models and intermediate Pmax stress value
(7.27 MPa). The stress distribution patterns of M1, M2, M3,
and M4 were similar intensely accumulating on the remain-
ing coronal dentin. However, for M5 and IT, the maximum
stress accumulated on the coronal part of the root.
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FIGURE 4: Pmax stress distributions on the remaining lingual enamel of restoration models.
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FIGURE 5: Pmax stress distributions on the remaining buccal enamel of restoration models.



Maximum von Mises stress accumulation (79.46 MPa)
occurred in PTHC CAD/CAM material and maximum Pmax
stresses accumulated in amalgam and glass carbomer cement
(79.16 MPa and 75.62 MPa), respectively. Nanoceramic resin
CAD/CAM material showed the lowest von Mises and Pmax
stress accumulation. Intermediate stress values occurred on
resin composite. Amalgam had a similar von Mises stress
value with resin composite (Figure 3). Glass carbomer had
48.97 MPa von Mises stress value, and PIHC CAD/CAM
material had 51.26 MPa Pmax value. All restoration models
tested showed similarities in the case of von Mises and Pmax
stress distributions as seen in Figures 6 and 7, respectively.

The decreasing order of von Mises and Pmax stress
values for adhesive surfaces of direct materials were as
follows: M3 ~M2 > M1 (Figure 3). Minimum von Mises
stresses of bonding agents were seen on luting cement
surfaces: 38.12 MPa for M4 and 37.90 MPa for M5. Pmax
value of the luting cement surface of M4 (24.76 MPa) was
1.06 times higher than that of M5 (23.26 MPa). The PIHC
CAD/CAM material transferred a minimum amount of
stress to the adhesive, indicating that failure initiation
between the luting cement/adhesive and enamel has the least
likelihood. von Mises and Pmax stress distributions were
presented in Figures 8 and 9, respectively.

4. Discussion

There are several studies investigating the occlusal stress
loading of direct and indirect restorations conducted for class
IT MOD cavities differently restored in mandibular first
molars [7, 8, 12]. Different from most previous studies, the
cavity type in this study had a proximal box base 1 mm below
the cementoenamel junction, in dentin [3, 17]. The aim of the
present investigation was to evaluate the possible stress
distribution under a simulated occlusal loading condition in
the tooth structures and in the direct and indirect restoration
materials when the proximal box gingival floor box was
placed in dentin instead of enamel. The study intended to
point out the best mechanical behavior among different
restorative materials and techniques considered.

The finite element analysis (FEA) method was chosen as
a tool to indicate the stress distributions in different direct
and indirect adhesive materials used for class I MOD cavity
restorations. The polymerization shrinkage of the resin com-
posite, resin-modified glass ionomer cement, luting cement,
and adhesives were not taken into consideration in this study.
Although Ausiello et al. [27] neglected the thickness of the
cement layer in their study, a 100 ym-thick cement layer
was simulated in our model parallel with other studies as it
is clinically realistic [28, 29]. Generally, the data of finite
element analysis are expressed as von Mises stress [20]. von
Mises stress is a numerical stress measure combining three
principal stresses (tensile, compressive, and shear) and
exhibits the areas being exposed to the highest stress and con-
sequently more prone to failure in the model [26, 30-33].
Additionally, the maximum principal stress is also accepted
as a suitable index to judge the material failure that is
assumed to be brittle [20]. The maximum principal stress
helps us to understand the maximum tensile stress induced
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in the different structures, materials, and dental tissues, due
to the loading conditions.

Except the von Mises stress transferred by PIHC CAD/-
CAM material and nanoceramic CAD/CAM material to
RBE, the stress analysis of the intact tooth model showed sig-
nificantly lower stress values for both enamel and dentin for
all the tested restoration models. Furthermore, the minimum
VM and Pmax stress values were found in the intact tooth
model for RLE. On the contrary, Pmax stresses in the intact
tooth were higher than the two CAD/CAM materials and
resin composite for RBE but lower than those with all the
tested materials for RLE. In case of dentin, except Pmax
stresses of CAD/CAM materials, all the tested materials
transferred higher VM and Pmax stresses when compared
to the intact tooth. It was reported by previous studies that
class II MOD cavities decreased the fracture resistance of
intact teeth for about 59-76% [34-36]. According to an
in vitro study by Reeh et al. [36], the occlusal cavity weakens
the fracture resistance of the tooth by 20% and the MOD cav-
ity weakens the fracture resistance by 63%. Our results for
enamel and dentin were partly consistent with this finding.
Both the stress values of PIHC CAD/CAM material and
Pmax stresses transferred by nanoceramic CAD/CAM mate-
rial and resin composite to RBE were lower than intact tooth.
The Pmax stress of the PIHC CAD/CAM material to dentin
was lower than the intact tooth, whereas the nanoceramic
CAD/CAM material exhibited similar stress distribution.

Eakle et al. [37] reported that the lingual cusps of man-
dibular molars exhibited the highest frequency of fracture.
In consistence with Eakle et al. [37], stress distribution values
of buccal and lingual remaining enamel tissues in the current
study showed that except von Mises stress values of glass
carbomer for RBE; von Mises and Pmax stress values on
RLE were higher than RBE. Regarding the stresses that
occurred in RLE in the present study, in order to increase
the resistance of the tooth to crown deformation, reducing
the RLE and including into the cavity can be suggested in
designing an MOD inlay cavity with proximal box gingival
floor in dentin.

Additionally, there were significant differences between
the von Mises and Pmax stress values and intact tooth. This
resulted us to comment that buccal cusp reduction may also
be needed in addition to lingual cusp coverage for GCC
restorative material.

Although there are many materials providing many
options to the clinicians, it can be challenging to choose the
best one for a given situation [5]. Various materials, including
amalgam, resin-based composites, ceramics, nanoceramic
resin, and glass carbomers are used for posterior restorations.

There are different adhesive thicknesses in the literature:
2,5, 10, and 30 micrometers. In the Ausiello et al. [27] study,
a thin (10 micrometer) adhesive layer was used. Eliguzeloglu
et al. [26] suggested that flexible materials such as glass iono-
mer cements, flowable composites, or nanofilled adhesives
could be helpful to reduce stress under resin-based composite
filling materials. In the present study, we preferred to use a
30-micrometer-thick adhesive layer to provide better flexibil-
ity. There are many investigations about the survival percent-
age of these types of materials for long-term evaluation [38,
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39]. Opdam et al. [40] clarified that the caries risk of the terior restorative material for years but it is unable to
patients played a significant role in the survival of these res-  reinforce tooth structure. It is also considered as a material
torations. Amalgam has been considered as the primary pos-  giving way to tooth fracture; hence, the use of this material
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FIGURE 9: Pmax stress distributions of adhesive surfaces of restoration models.

is declining nowadays [40]. With the increasing expectation Arola et al. [6] studied Pmax stress for an unrestored
for esthetics, both dentists and patients are becoming more ~ molar and a molar with class II MOD amalgam vs. resin
interested in tooth-colored materials as alternatives to amal- ~ composite restoration. It was found that the amount of stress
gam in the posterior restorations [2]. between amalgam and resin composite restoration had a little
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difference in the magnitude of Pmax stress values. In another
study, Musani and Prabhakar [1] investigated the stress
distributions of resin composite and amalgam restorations
for class I cavity in the mandibular first molar tooth and
reported that the stress value magnitude seen on the cervical
third of the crown in amalgam restoration was lower than
that of resin composite. Different from the reported investi-
gations, in this study, the differences were observed between
von Mises and Pmax values on enamel and Pmax value only
on dentin. Less von Mises and Pmax stresses to enamel
tissues and Pmax values to dentin were transferred in the
resin composite model.

Glass carbomer cement is a newly developed material
containing nanosized hydroxyapatite-fluorapatite particles
in powder form [41]. In a finite element study, stress accu-
mulation on GCC and resin composite material were studied
for occlusal cavities, and it was reported that GCC accumu-
lated more stress in itself and transferred less to tooth tissue
than the resin composite material [8]. The highest von Mises
stress values for GCC accumulated on RBE and dentin are
90.72 MPa and 38.15 MPa, respectively, while the maximum
PMax values accumulated on RBE and dentin are
14.23MPa and 12.97 MPa, respectively. However, in this
study, both stresses transferred to the remaining tissues
except the Pmax value on RLE were found to be higher in
GCC than in the resin composite. These results are not in
agreement with the Dogan et al. study [8]. The reasons for
this difference may be related to the different cavity designs
used and the usage of RMGIC under the resin composite.
RMGIC was used in combination with the resin composite
to relocate the subgingival cavity margins allowing for a step-
wise elevation of the proximal cavity floor in the present
study. The RMGIC base under the resin composite restora-
tion might have acted as a tampon layer reducing the effects
of stress concentration.

With one of the newest developments in dentistry,
CAD/CAM technology, it has been possible to design and
fabricate restorations with mechanized, computer-aided
techniques [42, 43]. With this new popular technology, new
materials have been introduced in dentistry like hybrid
ceramics and resin composite blocks [42, 44]. Resin compos-
ite CAD/CAM blocks consist of a polymeric matrix and dis-
persed fillers. Polymer-infiltrated ceramic network materials
also termed as “hybrid ceramics” consist of two continuous
interconnected networks (feldspathic ceramic (86% wt) and
polymeric (14% wt) [44]. These materials combine the
advantages of resin composites (flexibility, ease of use) and
ceramics (durability, surface finish properties), while their
composite-like properties make these materials easier to mill,
adapt, and polish and their higher degree of polymerization
strengthen the physical and mechanical properties [43]. A
study held by Simsek and Derelioglu [45] in pediatric
dentistry on primary maxillary molar teeth compared the
fracture resistance of Vita ENAMIC CAD/CAM block (Vita
Zahnfabrik, Bad Sackingen, Germany) with direct and indi-
rect resin composite restorations for Class II cavities with
gingival wall 0.5 mm above the enamel-cement junction. This
investigation reported that the PIHC CAD/CAM material;
Vita ENAMIC, showed greater fracture resistance than direct

composite models. The results of the present study are in
agreement with Simsek and Derelioglu [45] for both von
Mises and Pmax stress on RBE and dentin because the von
Mises stress of the PIHC CAD/CAM material on RBE was
significantly lower than that of amalgam, GCC, and resin
composite direct restorations. Although the VM value of
PIHC CAD/CAM material was similar to that of the direct
materials on RLE, its Pmax value was significantly different.
However, stress values on RLE for all restoration models
tested were significantly high when compared with the intact
tooth model. Another study that aimed to investigate the
effects of direct and indirect restorations on fracture resis-
tance of extended buccolingual class II MOD cavities on
mandibular third molars reported that Lava Ultimate
CAD/CAM indirect inlays increased fracture resistance
more than direct composite restorations [46]. Our results
are partly in accordance with Papadopoulos et al. study
[46] because the nanoceramic resin CAD/CAM material
transferred lower stress to RBE and dentin than all the
direct materials. However, the Pmax stress value of the
nanoceramic resin CAD/CAM material to RLE was higher
than all directly restored models.

Yamanel et al. [12] reported that “materials with low elas-
tic modulus values transferred more functional stress to the
tooth structures.” This statement is in accordance with our
study for von Mises and Pmax stress transfers on the remain-
ing buccal enamel and dentin. In the present study, signifi-
cant differences were observed only between the M5 and
MI1-M4 groups indicating that PIHC CAD/CAM material
with higher elasticity modulus exhibited lower VM and Pmax
value on RBE. Differing from our class II MOD cavity design
with gingival margins in dentin, inlay and onlay MOD resto-
rations had gingival margins on enamel in Yamanel et al.’s
study [12]. Compared to all other restoration materials, the
maximum amount of von Mises stress accumulated on PIHC
CAD/CAM material showing that chewing stresses are
highly absorbed and least transferred to the remaining buccal
enamel and dentin when ceramic materials were used. The
high elastic modulus values of the PIHC CAD/CAM material
accounted for this result.

On the contrary, all restoration materials with different
elasticity moduli transferred high VM and Pmax stresses to
RLE. Considering the class II MOD inlay cavity design with
proximal gingival margins 1 mm below the CEJ in the man-
dibular first molar tooth, reducing the remaining lingual
enamel and including it into the cavity would be a more effec-
tive option.

Ausiello etal. [27] reported that they assumed the thickness
of the adhesive layers constant. However, in this study, we
planned the adhesive bonding layer as 30 yum and the luting
cement layer as 100 ym. Parallel with the Ausiello et al. [27]
study since our cavity borders ended in dentin, we thought that
the thickness between adhesive layers would affect the final
result. Ausiello et al. [47] reported that rigid composites gave
way to more cusp movements than flexible composites in class
II MOD adhesive restorations. Our results are parallel with the
Ausiello et al. [47] study because Vita Enamic as a PIHC mate-
rial is more flexible than Lava Ultimate nanoceramic CAD/-
CAM material and distributed less stress in the tooth tissues.
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Microleakage is still a concern for class II cavities having
gingival margins in dentin. Uludag et al. [48] investigated the
effects of luting cement on microleakage for the MOD cavi-
ties and found out that dual-cure resin cement (Variolink
I1, Ivoclar Vivadent) showed lower microleakage compared
with others. For this reason, dual-cure resin cement was cho-
sen as the luting cement material under CAD/CAM materials
in the present study. The maximum amount of Pmax stress
values did not exceed the tensile bond strength of the luting
cement to enamel (49.3MPa) and adhesive to enamel
(42.75-65.75 MPa) figuring out that the interaction between
the adhesive surfaces and dental tissues were strong [49,
50]. The comparison of Pmax stress values of adhesive sur-
faces showed a stunning difference among all tested models
except the comparison of the GCC and resin composite
model. PIHC CAD/CAM material exhibited minimum
Pmax value followed by nanoceramic resin CAD/CAM
material, amalgam, resin composite, and glass carbomer
cement. The Pmax stress concentrations of the tested mate-
rials indicate that PIHC CAD/CAM material has the least
likelihood for failure initiation between the luting cemen-
t/adhesive and enamel.

The 3D-FEA analysis is an engineering tool applied to
biology, medicine, and dentistry, from orthodontics to
implantology, is able to investigate the mechanical behaviour
of differently structured systems in vitro by a mathematical
analysis and simulation. The goal consists of creating a model
as close as possible to the real one. The obtained outputs are
applicable and practical, have clinical significance, and give
direction to experimental and clinical research. In this study,
the information obtained for suitable restorative materials
for MOD cavity had gingival margins ended in dentin tissue.
However, restorations have other problems such as microleak-
age, polymerization shrinkage of resin containing materials,
and postoperative sensitivity that should be investigated. As
oral conditions cannot be completely imitated by in vitro stud-
ies, further in vivo studies are needed to determine the effec-
tiveness and durability of materials for class II MOD cavities.

5. Conclusion

Within the limitations of this study, the following statements
can be drawn for the restoration of class I MOD cavity with
proximal box gingival floor 1 mm below the CEJ in mandib-
ular first molar:

(1) As the lingual cusp of the mandibular first molar with
MOD cavity was found to be more susceptible to dam-
age than the buccal cusp, the cuspal coverage can be
recommended in designing a class I MOD inlay cavity

(2) Vita Enamic, the PIHC CAD/CAM material, trans-
ferred a minimum amount of stress to the adhesive
materials (30 ym adhesive and 100 yum cement layer)
and dental tissues, indicating that the failure initia-

tion between the luting cement/adhesive and enamel
has the least likelihood

For this reason, this material may be a better choice to
restore class II MOD inlay cavity with proximal box gingival

BioMed Research International

floor 1 mm below CEJ when it is desirable to minimize stress
concentrations in the mandibular first molars.

Data Availability

The data used to support the findings of this study are
included within the article.
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