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ABSTRACT

Aim: To determine stress analysis exerted by denture on the edentulous alveolar bone in the premolar
region represented by stone cast produced from visible light custom tray using linear finite element
method. Material and Method: Visible light custom tray (spaced and close fit) was used to produce
stone cast that represent the denture base and the underlying bone using silicone impression material.
The dimension of the cross section of the stone cast was measured using Dimax program, then the data
collected was entering Excel program for making the figures. The dimension of the cross section of the
stone cast entering finite element program and other new auxiliary program prepared specially for this
study for finite element analysis of vertical load of 100 Newton applied on the buccal cup (supporting
cusp) of the second premolar tooth. Result: After the data was analyzed, the results were drawn in
figures using surfer 7 program. High compressive, tensile, deflection, shear and maximum principal
stress values were observed below the point of force application and in the underlying structure with
different values and locations according to the analysis in the mucous membrane and in the underlying
bone in the X and Y axes. Conclusion: By using finite element analysis, the more stress concentration
and deflection were found below the point of force application, in the mucous membrane, at the begin-
ning of the cortical bone and along the buccal vestibule. The less stress concentration, deflection and
less value of shear and maximum principle stress that distributed over large distance was found by us-

ing visible light cure spaced custom tray.
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INTRODUCTION

Custom made trays are designed to allow
more uniform thickness of impression ma-
terial, and the dimensional stability of cus-
tom impression trays is an important factor
in determining the degree of accuracy
achieved in forming a master cast, visible
light cure resin material has accurate fit,
superior strength, and acceptable bond
strength compared with heat — processed
resin . The finite element stress analysis
technique models are actual continuous
structures with discrete — element mathe-
matical representation. This approach
transforms the problem into one of matrix
algebra, which may be solved with the aid
of a digital computer ©.
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Hirabayashi et al., ® investigated biome-
chanical aspects of the action of the biting
force during mastication upon the man-
dibular bone in the lower first molar area,
they suggested that there may be relation-
ship between masticatory force and corti-
cal bone hypertrophy, while the other ©
stated that to improve the quality of the
complete denture prosthesis, the bucco —
lingual position of the artificial posterior
teeth must be determined with considera-
tion of the shape of the maxillary and
mandibular residual ridges, and the rela-
tionship between them.

MATERIALS AND METHODS
Visible light custom tray of two design
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(close fit and spaced) was constructed on
the master model, which is completely
edentulous mandibular metal arch form
using visible light curing unit (Megatray,
MegaDenta-Germany), visible light cus-
tom tray was used to take impression using
silicone impression material to produce
stone cast.

For the finite element method, the
stone cast produced from visible light cus-
tom tray that represent the denture base
and the underlying bone was section in the
horizontal direction in the premolar region
by using fine saw, the dimension of the
cross section of stone cast was measured
by using Dimax program.

A stand held digital camera was
placed (60cm) away from the dental sur-
veyor in zero plane that contain the cross
section of stone cast produced from metal
perforated stock tray, then the picture ana-
lyzed by entering Dimax program, a ruler
was used to detect the accuracy of the
measurements, the measurements were
done each (2mm) in two dimension.

The tooth model was designed ac-
cording to the average anatomic dimen-
sions of selected set of teeth that were
used for previous arrangement, (Cervico —
incisal crown length 8 mm, Mesio — distal
crown diameter 7 mm), the denture base
thickness 2.5 mm ©. The mucous — mem-
brane thickness 2 mm ), the cortical bone
2 mm thickness ©, the bone height was
22.5 mm according to the master model
used.

Materials Properties. Acrylic Resin:
{Modulus of Elasticity (MPa)-2000, Pois-
son’s ratio 0.3} @ ™ Mucosa: { Mod-

y
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ulus of Elasticity (MPa)- 3.45, Poisson’s
ratio 0.45 } ©**'Y Cortical Bone: { Mod-
ulus of Elasticity (MPa)- 13700, Poisson’s
ratio 0.3 } “?, and Cancellous Bone: {
Modulus of Elasticity (MPa)- 1370, Pois-
son’s ratio 0.3 } 2,
Boundary Conditions: The lower border
of the mandible was considered to be fixed
in all directions to avoid the FE model
from sinking when load is applied **?.
Load Application: A vertical load of 100
Newton was applied on the buccal cup
(supporting cusp) of the second premolar
tooth, this value is less than the actual
maximum load in the oral cavity during
normal mastication, but it is within the
measured values in many previous studies
in this area of oral cavity @*.
Finite Element Method

The finite element method is a
general method of structural analysis in
which a continuum is replaced by finite
number of element interconnected at finite
number of nodal points.

Shape Function: Eight — node element
considered from high order — elements, in
general, higher order element shape func-
tion can be developed by adding additional
nodes to the sides of the linear element.

In this study, the cross section of
the model is represented by 8 — nodes iso-
parametric plane strain element using
standard shape function with two degrees
of freedom at each node. Formulation of
this element is formed by natural coordi-

nate system (&,™) in place of cartesian
coordinates Figure (1).
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Figure (1) Eight nodes two-dimensional element
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The nodal displacement vectors for these
elements are:

{d}={u;, vy Uy, vy g, Vg |
.......... Q)

Where u and v are the translation in the X
and Y directions respectively. The dis-
placement field for two — dimensional
element is given by:

U
Vi
u
{ }:[N] ...(2) Where
v
Ug
Vg
N[N O N 0 N, O
0 N, 0 N, .. 0 N
..3)
Where: N is the shape function and,
1
Ny =-Z(@-ENt-n)L+E+n)
ST

N, =, A+ 8f-nfe—n-1)
N, =2 eft-n?)

N =%(1+§)(1+ N +n+1)
—g?J1+m)
ENL+nf-&+n+1)
Nf%(l—%)(l—nz)

......... 4)
The global coordinates X and Y inside the

element can be described as:

1
N7:Za_

X=> N;X, and
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Where (X;)and (Y;) represent the co-

ordinates of two — dimensional nodes.
Strain Matrix: Strain component can be
calculated from the following expression:

{e}= [B_] [d] e (6)
o
ox
8
{g}=20 % {z} ....... @
N, o,
| Oy ox |

Consider for instance the set of lo-
cal coordinate (ﬁ,n) and corresponding

set of global coordinates X, Y by the usual
rule of partial differentiation, the deriva-
tive can be written as:

oN; _oN; ax N oy
& ox e oy ok

.. (8
N Nax Ny T
on OX on oy On
Writing in matrix from:
ON; ox  dy | |ON, ON,

05| _|o¢ e E:[J] ox
N | | & Y

on on on) oy o
(9)where:

B%Xi i%l
s T L
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The matrix [J] is known as Jacobian ma-
trix. To find the global derivative, we in-
vert [J] and write:

v [aN,
ox _ -1 6§

an, [~ [/] o[ (11)
ay on

To transform the variables, derivatives,
and the regions with respect to which inte-
gration is made a standard process will be
used which involve the determinant of [J],
thus the volume of the element:
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dx dy = |J|.dg dn
.......... (12)

Elasticity Matrix (D — Matrix):

The stress/ strain relationship for
an elastic material, in the absence of initial
stresses and strains, may be written in the
form:

lc}=[D]{e} ... (13) Where

[D] is the elasticity matrix.
For plane strain situations the D —
matrix will be:

1 v 0
E(@L-v) 14
Pl iy iyt O
0 0 1-2v
20-v)]
.......... . (14)

For two—dimensional analysis the
stiffness matrix is:

[k]= [ [[B] [D][B]dxdy

.......... (15) Where: D: elasticity matrix.
B: strain — displacement matrix.
Depending on the volume of the

element  dx dy:‘J‘ dédn ,  the

stiffness matrix will be:

k1= [ [BY [DI[B]||d¢ dn
.......... (16)

Algebraic integration usually de-
fines mathematical expression, and nu-
merical integration has to be used by Hin-
ton and Owen, 1977,

The mesh for the model produced
from visible light cure close fit custom
tray consists of (845) elements and (2668)
nodes, and (915) elements and (2886)
nodes for the model produced from visible
light cure spaced custom tray.

A vertical load of 100 Newton was applied
on the buccal cup (supporting cusp) of the
second premolar tooth, this value is less
than the actual maximum load in the oral
cavity during normal mastication, but it is
within the measured values in many previ-
ous studies in this area of oral cavity (16).
The data collected were introduced in Ex-

cel program for making the figures. The

dimension of the cross section of stone
cast was entering finite element program
(6) and other new auxiliary programs that
prepared specially for this study for finite
element analysis. Surfer version 7 software
program and AutoCAD software program
are used in this study.

RESULTS AND DISCUSSION

After the data was analyzed by us-
ing FE program and other new auxiliary
programs that were prepared specially for
this study, the results were drawn in fig-
ures using surfer 7 program. The figures
are colored to show the stress distribution
in the model and these colors are divided
every (20 MPa) for stresses and (0.1mm)
for deflections.

Effect of force on acrylic tooth to the
underlying bone by using visible light
cure close fit and spaced custom tray: A
two — dimensional finite element method
was used to investigate the statics for the
contour of the denture and the residual
ridge. The maximum compressive stresses
were observed below the point of force
application at the buccal cusp of the sec-
ond bicuspid tooth(- 20 to -180, - 40 to -
380 MPa, closed fit tray), while for spaced
tray the results was less (- 40 to -180, - 80
to - 360 MPa,) in the X and Y axes respec-
tively., and in the mucous membrane and
cortical bone (Figure 2 and 3). These re-
sults are in agreement Vollmer ez al. ®©,
who reported that the forces applied to the
masticatory system are manifested by the
development of the internal stresses which
are distributed in a coordinate with the
direction of force application. The maxi-
mum tensile stresses (20 to 60 MPa) were
observed in the mucous membrane in case
of spaced tray. This results can be ex-
plained as to be due to the resiliency of
this histological structure and low value of
modulus of elasticity of mucous mem-
brane in relation to the acrylic resin and
bone structure that is more dense and have
high value of modulus of elasticity @

The greater amount of the deflec-
tion (Close fit tray)at the crest of the ridge
was seen in the mucous membrane and the
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cortical bone (0 to 0.4, -0.2 to -0.8 mm) in
the X and Y axes respectively, while the
greater amount of deflection (Spaced tray)
in the bucco — lingual direction was seen
acrylic tooth, denture base, and mucous
membrane (0.2 to 0.6, -0.7 to -1.2 mm), in
the X and Y axes respectively. This is re-
lated to the different topography of the
models that produced from the tray 7.
The maximum value of shear stress was
seen below the point of force application
which was { Close fit tray (-220 to 60
MPa)}, and at the crest of the ridge
{Spaced tray(-20 to 60 MPa)} in the mu-
cous membrane and at the beginning of the
cortical bone (figure 3). This may be re-
lated to the friction between the acrylic
denture and the underlying structure ©.
The maximum principal stress value was
seen in the mucous membrane(5 to 65
MPa), when the stress exceeds this value,
crack and other complications will be ex-
pected to occur. These results could be
explained as to be due to the resiliency and
low modulus of elasticity of the mucous
membrane ©.

Finite element analysis is a good
method used to assess the stress distribu-
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tion on the supporting structures and by
using this method in this study it recom-
mended to use the visible light cure spaced
custom tray to obtain acrylic denture that
lead to less stress concentration and less
value of maximum principal stress and
deflection that distributed over large sur-
face area when compared with the models
that produce from metal stock tray and
visible light cure close fit custom tray so
that the visible light cure spaced custom
tray recommended to be use in patients
with sever alveolar bone resorption, knife
edge ridge and flabby mucous membrane.

CONCLUSIONS

The more stress concentration and
deflection were found below the point of
force application, in the mucous mem-
brane, at the beginning of the cortical bone
and along the buccal vestibule. The less
stress concentration, deflection and less
value of shear and maximum principle
stress that distributed over large distance
was found by using visible light cure
spaced custom tray
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Figure (2): Finite elements analysis of acrylic denture to the underlying bone (VLC close fit

custom tray)
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Figure (3) Finite elements analysis of acrylic denture to the underlying bone
(VLC spaced custom tray)
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