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Abstract: The molar tooth faces different loading conditions and stresses
under environments of different temperatures, these loading conditions produces a
major factors in weakuness of the tooth structure. In addition, this cyelic loads will
geperate a fatigue failure for the tooth. So that, The objective of this study is to
investigate of the stresses and deformations analysis for molar tooth using finite
elements method. The study investigntion is complieted and achieved by using
Finite Element package ANSYS, Furthermore, The results are illustrated in this
study to investigate the stress analysis of the molar tooth under loading conditions
with different angles, and indicate that the maximum shearing stress and

deformation is increased with decreasing directional angle of the applied load.
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I Introduction:

The marginal ndges of postenor teeth
are considered to be of primary
importance in  providing  structural
strength to the crown. The crown of the
tooth is considered to bebave as a
structural laminate, and breaking the
continuity of ename! layer sigficantly
reduces tooth rigidily by Tidmarsh
(1976). The marginal ridge has a greater
thickness of enamel than other areas, so
that the loss of tooth structure in this
arca  associated  with  restorative
procedures may be & major factor mn
weakenng teeth by Eshleman ef al,
(1988) Loss of one or both marginal
ridges weakens the tooth and makes it
more  susceptible to fracture
Mechamcal stress has also  been
implicated in caries mtiation (including
smooth surface cames), 30 that stress
distribution in proximal enamel is also
relevant to this debate [Hamnsen ef al,
(1990), Mondelli et al, (1980), Morin el
al, (1988), and Reeh et al, (1989)] .

The stresses gencrated m
margingl ridges and proximal enamel
during normal occlusal function, and
changes in stress patterns following loss
of one or both marginal ndges, have not
been widely investigated Despite
numerous finite elerment analysis (FEA)
studies of occlusal loads on teeth,
surprisingly little is known of patierns
of stress and strain in marginal ndges or
proximal enamel [Darendeliler ¢ al,
(1992}, Goel e al (1990,
Kaewsuriyathumrong et al, (1993),
Thresher ef of, (1973), and Arcla et al,
(2004)). Since finite element models
involve a number of assumptions,
theoretical models require vahdation
before the results can be reliably
interpreted The use of FEA combined
with experimental stran measurement
should vield information that s more
directly applicable to the chmcal
situation. However, few of the asbove

studies have included strmn gauge
measurements, despite their widespread
use with extracted teeth, [Sakaguchi el
al (1991), Roberto et al, (2004), and
Awsiello et al, (2001)]

2 Background of molar tooth using
FEA analysis:

There is several studies for 1ooth
analyms using FE method such as
Cenovese, ef al, (2004) investigate the
mechanical behavior of a new
customized posl system built up with a
composite framework presently utilized
for crowns, bridges, veneers and
inlay/onlay dental restorations. The
material has been shaped so to follow
perfectly the profile of the root canal in
order o take advantage of the better
mechanical properties of composites
with respect to metallic alloys
commonly used for cast posts The
analysis has been carried out with 3-D
finte  element models  previously
validated on the basis of experimental
work. The new post system has been
compared to a variely of restorations
using either prefabricated or cast posts.
The structural efficiency of the new
restoration has been evaluated for en
upper incisor under different loading
conditions  (mashication,  bruxism,
impact ).

Results prove that maximum
siress values in restored teeth are rather
insensitive (o post types and materials
However, the new  cusiomized
composite restoration allows to reduce
significantly the stresses inside the
dentinal regions where <onservative
clinical interventions are not possible [
Genovese el al, (2004))

Patitn, et al, (2005) evaluste the
modal behaviour of the bone-implant-
transducer (Osstell) system by means of
finite element analyses. The influence
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of difterent parameters was determined-
(1) the type of implant anchorage being
trabecular, cortical, umi-cortical, or bi-
comical, (2) the implant diameter, (3)
the length of the implant embedded in
the bone, and (4) the bone stiffness.

The type of anchorage
determines  the  resulting  modal
behaviour of the implant-transducer
system. A rigid body behaviour was
found for a uni-cortical anchonng and
for a homogeneous anchoring with low
bone stiffness (1000 MPa), whereas a
bending behaviour was found for a
homogeneous anchoring with a high
bone stiffness (=5000 MPa) and for 2
bi-cortical anchorage. The implant
dimensions influence the values for the
resonance frequencies Generally, an
increase in implant diameter or implant
length (in bone) results in higher
resonance frequencies. This study also
showed that resonance frequencies in
case of ngid body behaviour of the
implant-transducer system are more
sensitive 1o changes in bone stiffness
than resonance frequencies in case of
bending behaviour In conclusion, it
seems that the Osstell transducer 1s
suited for the follow-up in tme of the
stability of an implant, but not for the
quantitative comparison of the stability
of implants [Pattijn et al, (2005)).

DeHoff, et al, (2004) studied
the viscoelastic option of the ANSYS
finite element program to calculate
residual stresses in an all-ceramic FPD
for four ceramic-ceramic combinations.
A three-dimensional finite element
model of the FPD was constructed from
digitized scanning data and calculations
were performed for four systems: (1)
IPS Empresss 2, a glass-veneering
maierial, and Empresss 2 core ceramic;
(2) TPS EnsTM a low fusing
fluorapatite-containing  glass-veneering
ceramic, and Empresss 2 core ceramic,
(3) IPS Empresss 2 veneer and an
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experimental  lithium-disihcate-based
core ceramic, and (4) IPS ErnisTM and
an  expenimental  lithium-disilicate-
based core ceramic The maximum
residual tensile stresses in the vencer
layer for these combinations are as
follows (1) 77MPa, (2) 108MPa, (3) 79
MPa, and (4) 100MPa These stresses
are relatively high compared to the
flexural strengths of these matenals. In
all cases, the maximum residual tensile
stresses in the core frameworks were
well below the flexural strengths of
these materials. We conclude that the
high residual tensile stresses in all-
ceramic FPDs with a layering ceramic
may place these systems in jeopardy of
failure under occlusal loading in the oral
cavity [Pawl, et al, (2004)]

Ueda, et al, (2004). Invest [ sate
the companson of photoelastic analysis,
the stress distnbution in 2  fixed
prosthesis with 3 parallel implans, to
the stress distibution in the same
prosthesis in the existence of an angled
central implant. Two photoclastic resin
models were made and a polariscope
was used in the visualization of
isochromatie  fringes formed in  the
models when axial loads of 2 kg, 5 kg
and 10 kg were applied to a unigue
central poimt of the prosthesis. The
presence of inducted tensions (preloads)
was observed in the models after
applying torque 10 the retention screws.
Preloads were intensified with the
incidence of occlusal forces. ln the
parallel implants, the force dissipation
followed the long axis. The angled
implant had a smaller quantily of
fringes and the stresses were localed
mostly around the apical region of the
lateral implants [Crestiane, et al

(2004)).

A 3-D solid model of a human
maxillary premolar was prepared and
exported into a 3-D-finite element
model (FEM) by Ausrello, et al, (2001)
and a generic class 11 MOD cavity
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preparation and  restoration  was
simulated in the FEM model by a
proper choice of the mesh volumes. A
validation procedure of the FEM model
was executed based on a comparison of
theoretical calculations and
experimental data. Different rigidities
were assigned to the adhesive system
and restorative materials. Two different
siress conditions were simulated: (a)
stressesarising from the polymerization
shrinkage and (b) stresses resulting
from shrinkage stress in combination
with vertical occlusal loading. Three
different cases were analyzed: a sound
tooth, a tooth with a class 11 MOD
cavity, adhesively restored with a high
(25GPa) and one with a low (12.5 GPa)
elastic modulus composite. The cusp
movements induced by polymerization
stress and (over)-functional occlusal
loading were evaluated While cusp
displacement was higher for the more
ngid composites due to the
prestressingfrom polymenization
shrin<age, cusp movements turned out
to be lower for the more flexible
composites in case the restored tooth
which was stressed by the occlusal
loading,

This preliminary study by 3-D
FEA on adhesively restored teeth with a
class II MOD cavity indicated that
Young's modulus values of the
restorative materials play an essential
role in the success of the restoration
Premature failure due to stresses arising
from polymenzation shrinkage and
occlusal loading can be prevented by
proper selection and combination of
matenals [Ausieilo, el ai (2001}].

Dentin bonding systems (DBS)
have been developed in order to bond
restorative materials (i.e. composite) to
tooth tissues when function and
integrity have to be re-established by
Santis, et al , (2004). Adhesion to dentin
results from the penetration of DBS into

the demuneralised substrate constituted
by a conditioned collagen network. The
long-term stability of a restored tooth is
mainly affected by the seal of the
restorative material on the dental
structures.

Although leakage through the
dentin-DBS interface has been widely
reported, 3-D invesligation technique
and accurate nondestructive
measurements of leakage as functions
of mechanical cycling have never been
provided, To address these issues, the
properties of the material interface are
analysed using micro-tensile static and
dynamic tests, assisted by the finite
element modeling and by the X-ray
compuled micro-tomography. The dual
energy absorption technique, with the
synchrotron beam light, has been
developed to investigate, in a non-
destructive manner, the effect of
mechamical cycling on leakage of a
silver nitrate slaining solution at the
dentin-DBS interface.

The effect of the pulpal roof on
the stress distribution in the coronal
dentin-DBS-composite interface has
been investigated and the level at which
the state of stress can be assumed 1o be
uniform within acceptable limits has
been defined. The tensile static and
dynamic results suggest that the
adhesive strength for the multi-step
DBS resulted significantly higher than
the other investigated DBS. Imaging
results indicate that 3-D leakage occurs
radially at the dentin-adhesive interface
through the interface itself rather than
through the unconditioned dentin bulk,
moreover, the dynamic tensile loading
allows a more diffuse staining
penetration. [Roberto, et al, (2004)]

The objective of this study is to
study the stresses and deformations in
proximal dentine of human molar under
simulated loading conditions. A finite
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element model of molar tooth was Also rolations about all three
constructed based on a 3-D solid coordinate axes are zero at the roots of
modeling using AutoCAD and exported the tooth as shown in Figure 2

to ANSYS FE program 1o calculate the Rot, = Rot, = Rot, = 0.

stress deformation distributions on the
molar tooth under loading condition
with several angles 30°, 45° 60° and

90°.
3 Finite clement modeling for
molar-tooth
The approach in this section is 10

model the molar-tooth by using the 3D

finite element modelling capabilities of

ANSYS. In this FE analysis, force

applied with different angles are

investigated. The objective of this study

13 1o identify the stress and deformation

of the molar-tooth under applied force

with different angles which is activated
to the model.

3.1 Molar-tooth finite element
modelling and boundary
conditions:

Two steps were used for modeling the

molar tooth in this study firstly a 3-D

solid modeling using AutoCAD and

thin export the model to ANSYS for FE

Analysis.

Figure | 3-D madel

Figure 2 shows the molar-tooth
modelling by ANSYS. A 3-dimensional

structural mass element Solid is used for Figure 2. Boundary conditions for
modelling the molar-tooth The 3-D molar-tooth

element SOLID92 with & degree of 3.2 Physical Properties

freedom is used for modelling the The following table 1 gives the

molar-tooth. The moiar-tooth geometry assumed physical properties for the
was generated to 68851 elements as difTerent materials:

shown in Figure 2 The processing of
the geometry and finite element mesh Table | Material properues [Genovese,
generation s provided by AutoCAD ei al (2004), and Lee, et al, (2002))

and ANSYS processing analysis to

build the molar-tooth geometry. Malerial | Yield modulus E Possion
The boundary conditions of the - (MPa) wlio's v
) Enamel | 84100 0.20
molar-looth are Dentine | 18600 091
Displacements in  all  three Pup |2 0.45
directions of the coordinate axes are
zero at the roots of the tooth as shown The molar-tooth contains three matenzl
in Figure 2 which is Enamel, Dentine and pulp, as

Ue=U,=U,=0 show figure 3 . The material used for
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the molar-tooth in this analysis is
Dentine {see table 1),

st caps- Frelanetal
i V] [ETL L

i mrve J

Figure 3: Structure of tooth [42]

4  Resulls and Discussion:

The results are presented for finite
element analysis for molar-tooth with
applied force with different angles

4.1 Variation of the applied force
with different angles:

A static analysis is examined is
used in several angles of the applied
force, as detailed in sections 4-2-1-1 to
4-2-1-5;

4.1.1 Applied force 1000 Newton
with angle 30°

This force is applied with angle
30° to the molar-tooth. Figure 4 abcd
shows the finite element results of the
molar-tooth deformation and shearing
stress profiles when applied force 1000
N with angle 30°. Both deformation and
shearing stress profiles are indicated
that the maximum deformation s
0.193521 mm and maximum shearing
stress 1s 19783 MPa at the molar as
shown figure 4 a,c, respectively Figure
4 bd also shows deformation and
shearing stress along the molar-tooth
and indicate that the place of maximum
deformation and maximum sheanng

stress are lefl top end with 2.597x10"
mm and 4166 MPa, respectively

st &
o 1 A

<L 11

A | —

a) Distribution of deformation
b) Plot for change of deformation along
maolar
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¢) Distribution of shearing stress  d)
Plot for change of shearing stress along
molar

Figure 4 FEA of molar when applied
force (1000 Newton) with angle (30°),

4.1.2  Applied force 1000 Newton
with angle 45°

This force 1s applied with angle
45° 10 the molar-tooth Figure 5 ab.c,d
shows the finite element results of the
molar-tooth deformation and shearing
stress profiles when applied force 1000
N with angle 45° Both deformation and
shearing stress profiles are indicated
that the maximum deformation is
0.180631 mm and maximum shearing
stress is 19533 MPa at the molar as
shown figure 5 a,c, respectively, Figure
S bd also shows deformation and
shearing stress along the molar-tooth
and indicate that the place of maximum
deformation and maximum :hearinq
stress are left top end with 244|107
mm and 3620 MPa, respectively
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a) Distribution of deformauon  b)
Plot for change of deformation along
molar

wll ] i P

¢) Distribution of shearing stress.
d) Plot for change of shearing stress
along molar

Figure 5: FEA of molar when applied
force (1000 Newton) with angle (45°)

4.1.3 Applied force 1000 Newton
with angle 60°

This force 1s applied with angle
60° 10 the molar-tooth. Figure 6 ab.c,d
shows the finite element results of the
molar-tooth deformation and shearing
stress profiles when applied force 1000
N with angle 60°. Both deformation and
shearing stress profiles are indicated
that the maximum deformation is
0.159938 mm and maximum shearing
siress 15 19228 MPa at the molar as
shown figure 6 a,c, respectively. Figure
6 bd also shows deformation and
shearing stress along the molar-tooth
and indicate that the place of maximum
deformation and maximum shearing
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stress are left top end with 2.244x10™!
mm and 2913 MPa, respectively.
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c) Distribution of shearing stress
d) Plot for change of shearing stress
along molar

Figure 6 . FEA of molar when applied
force (1000 Newton) with angle (60°)

4.1.4 Applied force 1000 Newton
with angle 90°

This force is appliied with angle
90° to the molar-tooth. Figure 7 abc,d
shows the finite element results of the
molar-tooth deformation and shearing
stress profiles when applied force 1000
N with angle 90°. Both deformation and
shearing stress profiles are indicated
that the maximum deformation is
0.111344 mm and maximum shearing
stress i1s 18761 MPa at the molar as
shown figure 7 a,c, respectively Figure
7 bd also shows deformation and
shearing stress along the molar-1ooth
and indicate that the place of maximum
deformation and maximum shearm%
stress are left top end with 1.826«10
mmand 1675 MPa, respectively
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a) Distribution of deformation b)
Plot for change of deformation along
molar
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¢) Distribution of shearing stress.
d) Plot for change of shearing stress
along molar

Figure 7: FEA of molar when applied
force (1000 Newton) with angie (90°).

4.1.5 Comparison of effect of force
with different angles:

The results show that deformation and stress is

larger when the applied force with angle is 30°

15 more (han other angles 45°, 60° and H0° as

shown in figure 8 a,b.

o

=
’ vl ;
|
. . L] -
Thmm

a) Deformation with different angies.
b) Stress with different
angles.
Figure 8: Comparison of effect of
applied force with different angles on
molar

S CONCLUSION AND
RECOMMENDATIONS

5.1 Conclusion

The study presented in this
research is a finite element analysis of
the molar tooth to identify the stresses
and deformations under loading
condition with several angles 30° 45°,
60°, 90° The investigation were
completed in this study with two steps |
first one is a 3-D solid modeling for the
molar tooth using AutoCAD and then
export the solid model to the finite
element identify package (ANSYS) to
analyses the stresses and deformation
using static analysis
The test is used to indicate the stresses
and deformation for the molar tooth
under loading condition with several
angles, The results indicate that the
stresses - and deformations increased
with decreasing the directional angle of
the applied load.

This study also is illustrate that
is easier to model molar tooth structure
by means of finite element package
such as ANSYS and the analysis
produce accurate and reliable results,
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5.2 Recommendation for future
work

There are several areas where
more work is needed for analysis of
molar-tooth. A faw recommendations
for future studies aimed at achieving
this studies are iisted below:
|- Variation of the load conditions for
molar tooth using FE Analysis
2- Study the effect of tooth cavities
under several loading conditions on the
stress distributions for the molar (ooth.
3- Study and evaluate different filler
materials in the cavities of the tooth and
calculate this life's using FEA.
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