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The Effect of Artificial Tooth Materials on
Stress Distribution in Complete Dentures

Tam Protezlerde Yapay Dis Materyallerinin
Stres Dagilimina Etkisi

ABSTRACT Objectives: The artificial tooth material for an edentulous patient has an important effect
on success of treatment; however, information about the influence of artificial tooth material on for-
ces transmitted to the residual ridge is limited. The aim of this study was to compare the stress distri-
bution on supporting bone of porcelain and hard acrylic resin materials, and to compare photoelastic
and finite element methods by this manner. Material and Methods: Three dimensional finite element
models and photoelastic models simulating two complete dentures with porcelain and hard acrylic re-
sin teeth were prepared. 300 N occlusal load was applied at both methods to the flattened occlusal sur-
faces of modeled teeth. The differences in occlusal load transfer ability of acrylic and porcelain teeth
were investigated. Results: Maximum stresses were concentrated on force application areas (28 Mpa)
and cervical regions of artificial teeth (24 MPa). The stress values observed with the use of porcelain
teeth (4-8 MPa) were lower than the hard acrylic resin teeth (4-12 MPa). The stress distribution on
supporting bone was similar for both models. Conclusion: The result of this study showed that the use
of porcelain as artificial teeth in complete dentures reduces the compressive stress levels on suppor-
ting bone structure. Finite element method provided more detailed information about the stress dis-
tribution than photoelastic method, and gave information about all of the model components.
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OZET Amag: Tam digsiz hastalarda yapay dis materyali tedavi basarisinda énemli bir etkiye sahiptir;
bununla birlikte, yapay dis materyalinin alveoli sirtina iletilen kuvvetler tizerindeki etkisi yeterince
bilinmemektedir. Bu ¢alismanin amaci, porselen ve akrilik rezin materyallerinin destek kemik doku-
larindaki stres dagilimlarim karsilastirmak ve bu yolla fotoelastik ve sonlu eleman stres analiz yéntem-
lerini kiyaslamaktir. Gereg ve Yontemler: Porselen ve sert akrilik rezin dislere sahip iki tam protezi
betimleyen ti¢ boyutlu sonlu elaman ve fotoelastik modeller hazirlandi. Her iki yéntemde de model-
lenen dislerin diizlestirilen okluzal yiizeyinden 300 N okluzal yiikleme yapildi. Akrilik ve porselen dis-
lerin okluzal yiik transfer kabiliyetlerindeki farkhiliklar incelendi. Bulgular: Kuvvet uygulama alanlar1
(28 MPa) ve yapay dislerin servikal bolgelerinde (24 MPa) en yiiksek stres degerleri gozlendi. Porse-
len disler kullanildiginda gézlenen stres degerleri (4-8 MPa) sert akrilik rezin dislerde gézlenenlerden
(4-12 MPa) daha diisiiktii. Destek kemik yapisindaki stres dagilim sekli her iki modelde de benzerdi.
Sonug: Bu ¢alismanin bulgulari, porselenin tam protezlerde yapay dis olarak kullanilmasinin destek
kemik yapisindaki sikigtirma tipi stres seviyelerini diisiirdiiglinii gostermistir. Sonlu eleman stres ana-
liz yontemi fotoelastik analiz yonteminden stres dagilimi hakkinda daha detayl bilgi saglamis ve mo-
deldeki tiim yapilardaki dagilimin incelenebilmesine olanak vermistir.

Anahtar Kelimeler: Yapay dis; sonlu eleman analizi; tam protez
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he selection of artificial teeth for an edentulous patient requires
knowledge and understanding of a number of physical and biologic
factors that are directly related to the patient. Dynamic behavior of
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the denture under occlusal force has an important
effect on success of treatment. The dentist must ac-
cumulate, correlate, and evaluate the biomechani-
cal information in selection of artificial teeth to
meet the individual esthetic and functional needs
of the patient.! Not only the masticating efficiency
consideration but also comfort, esthetics, and pre-
servation of the underlying bony and soft tissue
structures are important in selection of posterior
teeth.? Vacuum-fired porcelain, acrylic resin, and
hard acrylic resin are used in fabrication of artifi-
cial teeth, but all have some advantages and disad-
vantages.

A variety of factors are involved in residual
ridge resorption, some local, others systemic.®>* For
example, compressive forces are known to be
harmful to bone.> Therefore, it is important to les-
sen the pressure on the supporting tissues. Since
the loads are transferred through the teeth to the
rest of prosthesis, the selection of artificial teeth
material has an important role on stress distributi-
on in supporting structures.®

In this context of forces transmitted to the re-
sidual ridge the question arises of whether a mate-
rial with a higher coefficient of elasticity, such as
that used in acrylic resin artificial teeth, would be
less harmful to the residual ridges.>

Variations in denture technique that may af-
fect bone loss have been investigated.” No diffe-
rences of statistical significance were found in the
amount of bone lost, whether a simple or a conven-
tional denture technique was used.” Unfortunately,
the authors of the study did not specify whether
the teeth were made of acrylic or porcelain.’

The effect of the setting of artificial teeth, and
the effect of the cusp angle have also been investi-
gated.®® But there is little knowledge about the ef-
fect of artificial teeth material in the literature.
Furthermore, a review of literature revealed that
the question of ridge resorption in relation to the
material used in artificial teeth (porcelain or acr-
ylic resin) remains unsolved to date.>!%!!

Grant has summarized the advantages and dis-
advantages of porcelain and acrylic resin artificial
teeth.!” The simplicity of adjustments to acrylic te-
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eth, which can be ground without any severe ef-
fect on their adhesion to the denture base, as well
as the ease of denture fabrication and polishing af-
ter adjustments, stand out as the main factors for
the choice of these teeth by most clinicians.® The
great popularity of acrylic resin teeth was also ac-
knowledged in a survey of North American dental
schools.!! Nevertheless, porcelain remains an outs-
tanding material, recognized in particular for its
durability, which is superior to that of acrylic, de-
spite progress in the development of highly cross-
linked acrylic resins that are less susceptible to
wear than conventional ones.> But it is necessary
for dentures to be used for a long period of time be-
cause of the premature contacts caused by the ab-
rasion of artificial teeth and absorption of the
alveolar ridge."

In the light of this information, the purpose of
this study was to compare the stress distribution on
supporting bone of porcelain and hard acrylic resin
materials, and to compare photoelastic method
(PM) and finite element method (FEM) by this
manner.

I MATERIAL AND METHODS

In this study, three-dimensional FEM and the pho-
toelastic stress analysis methods were used. Two
types of mathematical models simulating two com-
plete dentures with porcelain and hard acrylic re-
sin teeth have been prepared with supporting
structures. Porcelain and hard acrylic resin teeth
have been also used in PM.

Photoelastic Method: Acrylic resin (Major
Dent, Major Prodotti Dentari S.p.A., Moncalieri,
Italy) and porcelain (Real, ENTA B.V., Holland) ar-
tificial first -second premolar and first molar teeth
have been used. Occlusal plane of teeth have been
flattened to apply a uniform load. Thickness of ba-
se part of denture was prepared as 1.5 mm. To sim-
ulate supporting structure part a 30 x 50 mm wax
model with 10 mm thickness has been prepared.
Then impression of this wax pattern has been acqu-
ired by a Polysiloxane silicon-based impression ma-
(Zetaplus, Zhermack Italy). PL-2
(Measurments Group, Inc., Raleigh. NC) epoxy re-
sin has been used in fabricating model (Figure 1).

terial

Turkiye Klinikleri ] Dental Sci 2009;15(2)



THE EFFECT OF ARTIFICIAL TOOTH MATERIALS ON STRESS DISTRIBUTION IN COMPLETE DENTURES

Oguz ERASLAN et al

FIGURE 1: Model prepared for photoelastic stress analysis.

300 N occlusal load have been applied by a Po-
lariscope (Sharples Stress Engineers Ltd., Preston,
UK) uniformly to flattened occlusal surface of teeth.

Finite Element Method: The study was con-
ducted using a three-dimensional FEM and the
SAP 2000 Advanced 9.0.3 structural analysis prog-
ram (Computer Structures Inc., Berkley, CA).

The geometry of structures in the model was
acquired from the photoelastic model. The stan-
dard model composed of 17283 nodes and 15360
eight nodes brick solid elements with three degree
of freedom per node (Figure 2A). Points at bottom
border of model were considered fixed in all direc-
tions for resistance of the FEM model to the occlu-
sal loads.

Total 300 N load have been applied uniformly
to flat occlusal surfaces of all three teeth. The app-
lied forces were static (Figure 2B).

Mechanical properties of the materials were
taken from previous literature (Table 1).13!* To en-
able the logical comparison of the results of FEM
and PM, mucosa tissue was ignored. All materials
were presumed homogenous and isotropic. Elastic
modulus and Poisson’s ratio of the materials, along
with the coordinate and geometry of each node and
element, were entered to computer. Sap2000 struc-
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FIGURE 2: (A) 3D finite element model. (B) Boundary conditions of FE model.

TABLE 1: Mechanical properties of materials.

Material Elastic Modulus (E) (GPA)  Poisson’s Ratio (LI)

Acnylic artificial teeth 2940 03
Porcelain artificial teeth 82800 0.35
Acrylic resin 1960 03
Compact bone 19600 0.3

tural analysis program was used to solve the stress
analysis problems. Calculated numeric data were
transformed into color graphics to better visualize
mechanical phenomena in the models. Stress levels
were calculated using von Mises stress values.!

I RESULTS
PHOTOELASTIC METHOD

In presentation of the stress data, the following ter-
minology has been used:

a) Low stress — 1 fringe or less;
b) Moderate stress - between 1 and 3 fringes; and
c) High stress — more than 3 fringes.'

After applying the same vertical load to two
different materials, fringe orders have been evalu-
ated. In evaluation of both models high stress valu-
es have been observed at alveolar ridge region
(Figure 3, 4).
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FIGURE 3: Stress distribution of porcelain teeth model in photoelastic method.

In comparison of porcelain (Figure 3) and acr-
ylic (Figure 4) teeth models, more fringe orders ha-
ve been observed at acrylic teeth models than
porcelain teeth model.

FINITE ELEMENT METHOD

The analysis of stress values for all models revealed
that maximum stresses were concentrated on force
application areas, cervical regions of artificial teeth
and mesial-distal alveolar ridge region.

When the porcelain and acrylic teeth models
were compared, lower stress values were observed

FIGURE 4: Stress distribution of acrylic teeth model in photoelastic method.

with the use of porcelain teeth (Figure 5) than the
hard acrylic resin teeth (Figure 6).

In porcelain teeth model, stresses were accu-
mulated in porcelain structure, and stresses trans-
ferred to the bone structure were minimal. But in
acrylic teeth model stresses were directly transfer-
red to the bone structure

When FEM and PM models were compared,
the stress distribution on supporting bone was sim-
ilar. But FEM method gave information about the
type and amount of stress addition to the distribu-
tion.

FIGURE 5: Stress distribution of porcelain teeth model in FE method.
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FIGURE 6: Stress distribution of acrylic teeth model in FE method.
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I DISCUSSION

Although finite element analysis was originally
used in shipbuilding and civil engineering, it has
been utilized for stress analysis in dentistry.”® In the
present study, using theoretical (FEM) technique,
the effect of the artificial teeth material on stress
amount and distribution was evaluated. Direct ex-
perimental measurements of the stress distribution
at these locations are difficult. However, a theore-
tical well known method for calculating stress dis-
tribution within complex structures is the FEM
which allows the investigator to evaluate the inf-
luence of model parameter variation once the basic
model have been correctly defined."”

The FEM results are presented in terms of the
von Mises stress values. Von Mises stresses depend
on the entire stress field and are a widely used in-
dicator of the possibility of damage occurrence.’® It
was observed that artificial teeth material has an
effect on stress distribution on supporting structu-
res.

The advantages and disadvantages of porcela-
in and acrylic resin artificial teeth were reported
previously.>!®!! Despite the progress in the deve-
lopment of highly cross-linked acrylic resins that
are less susceptible to wear than conventional ones,
porcelain remains an outstanding material as it is
much more resistant to wear.> It is necessary for
dentures to be used for a long period of time beca-
use of the premature contacts caused by the abra-
sion of artificial teeth and absorption of the alveolar
ridge.'? Landa stated that 90% of the trouble resul-
ting from dentures is caused by traumatic occlusi-
on."” Thus, a strong material like porcelain is
needed in treatment, and in the light of findings of
current study that the lower stress values were ob-
served with the use of porcelain teeth, porcelain te-
eth can be recommended as an option for
treatment.

There were no previous publications about the
comparison of influence of porcelain or acrylic ar-
tificial tooth material on stress distribution. The
FEM model created for this study was a multilaye-
red complex structure involving artificial tooth,
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denture base, and supporting structures. It is im-
portant to note that the stress following loading
may be influenced greatly by the materials and
properties assigned to each material. It is known,
that when force is applied to composite or layered
materials, stresses tend to maximize within the ma-
terial with the highest elastic modulus.”’ Therefo-
re, the stresses were more concentrated in the
porcelain tooth material and less transmitted to
supporting structures since porcelain has a higher
elastic modulus than other structures and acrylic.

PM can give similar stress distribution pattern
on supporting bone, but FEM gave information
about the type and amount of stress addition to the
distribution. Furthermore, with FEM, stress distri-
butions of all structures investigated in study can
be evaluated.

The model used in this study implied several
assumptions regarding the simulated structures.
The structures in the model were all assumed to be
homogeneous, and isotropic. The properties of the
materials modeled in this study, particularly the li-
ving tissues, however, are different. Also, it is im-
portant to point out that the stress distribution
patterns may have been different depending on the
materials and properties assigned to each layer of
the model and the model used in the experiments.”!
Also, the effect of mucosa layer was ignored to en-
able the comparison of FEM and PM results. Thus,
the inherent limitations in this study should be
considered.

The in vivo greatness of occlusal force is selec-
ted standard 300 N value. However, it is not neces-
sary for this force to match the reality exactly
because of the standardization between conditions
has been ensured in current study and the conditi-
ons have been compared qualitatively with each ot-
her. Chen and Xu have emphasized that the value
of FEM modeling is in relative values calculated at
distribution pattern.?

As with many in-vitro studies, it is difficult to
extrapolate the results of this study directly to a cli-
nical situation. The load application area can inf-
luence the stress distribution pattern. Thus, to
simulate equal conditions for different materials
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the occlusal surfaces of teeth have been assumed as
flat, this have also standardized the conditions for
PM and FEM. These flat occlusal surfaces have be-
en specifically described as the locations for the
force applications. Considering the limitations of
current study, further studies that better simulate
the oral environment and including fatigue loading
are recommended.

I CONCLUSION

Within the limitations of this theoretical study, the
following conclusions were drawn:

THE EFFECT OF ARTIFICIAL TOOTH MATERIALS ON STRESS DISTRIBUTION IN COMPLETE DENTURES

This study showed that the use of porcelain as
artificial teeth in complete dentures resulted in less
stress levels on supporting bone structure.

When investigating the stress distributions on
multilayered dental complexes, although PM gives
similar results, FEM allow detailed information
about stress transfer and distribution. Thus, FEM is
advantageous compared to PM.
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