
he� se�lec�ti�on�of� ar�ti�fi�ci�al� te�eth� for�an�eden�tu�lo�us�pa�ti�ent� re�qu�i�res
know�led�ge�and�un�ders�tan�ding�of�a�num�ber�of�physi�cal�and�bi�o�lo�gic
fac�tors�that�are�di�rectly�re�la�ted�to�the�pa�ti�ent.�Dyna�mic�be�ha�vi�or�of
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The�Effect�of�Artificial�Tooth�Materials�on
Stress�Distribution�in�Complete�Dentures

ABS�TRACT�Objectives:�The�ar�ti�fi�ci�al�to�oth�ma�te�ri�al�for�an�eden�tu�lo�us�pa�ti�ent�has�an�im�por�tant�ef�fect
on�suc�cess�of�tre�at�ment;�ho�we�ver,�in�for�ma�ti�on�abo�ut�the�inf�lu�en�ce�of�ar�ti�fi�ci�al�to�oth�ma�te�ri�al�on�for�-
ces�trans�mit�ted�to�the�re�si�du�al�rid�ge�is�li�mi�ted.�The�aim�of�this�study�was�to�com�pa�re�the�stress�dis�tri�-
bu�ti�on�on�sup�por�ting�bo�ne�of�por�ce�la�in�and�hard�acr�ylic�re�sin�ma�te�ri�als,�and�to�com�pa�re�pho�to�e�las�tic
and�fi�ni�te�ele�ment�met�hods�by�this�man�ner.�Ma�te�ri�al�and�Met�hods:�Thre�e�di�men�si�o�nal�fi�ni�te�ele�ment
mo�dels�and�pho�to�e�las�tic�mo�dels�si�mu�la�ting�two�comp�le�te�den�tu�res�with�por�ce�la�in�and�hard�acr�ylic�re�-
sin�te�eth�we�re�pre�pa�red.�300�N�occ�lu�sal�lo�ad�was�app�li�ed�at�both�met�hods�to�the�flat�te�ned�occ�lu�sal�sur-
fa�ces�of�mo�de�led�te�eth.�The�dif�fe�ren�ces�in�occ�lu�sal�lo�ad�trans�fer�abi�lity�of�acr�ylic�and�por�ce�la�in�te�eth
we�re�in�ves�ti�ga�ted.�Re�sults:�Ma�xi�mum�stres�ses�we�re�con�cen�tra�ted�on�for�ce�app�li�ca�ti�on�are�as�(28�Mpa)
and�cer�vi�cal�re�gi�ons�of�ar�ti�fi�ci�al�te�eth�(24�MPa).�The�stress�va�lu�es�ob�ser�ved�with�the�use�of�por�ce�la�in
te�eth�(4-8�MPa)�we�re�lo�wer�than�the�hard�acr�ylic�re�sin�te�eth�(4-12�MPa).�The�stress�dis�tri�bu�ti�on�on
sup�por�ting�bo�ne�was�si�mi�lar�for�both�mo�dels.�Conc�lu�si�on:�The�re�sult�of�this�study�sho�wed�that�the�use
of�por�ce�la�in�as�ar�ti�fi�ci�al�te�eth�in�comp�le�te�den�tu�res�re�du�ces�the�com�pres�si�ve�stress�le�vels�on�sup�por�-
ting�bo�ne�struc�tu�re.�Fi�ni�te�ele�ment�met�hod�pro�vi�ded�mo�re�de�ta�i�led�in�for�ma�ti�on�abo�ut�the�stress�dis-
tri�bu�ti�on�than�pho�to�e�las�tic�met�hod,�and�ga�ve�in�for�ma�ti�on�abo�ut�all�of�the�mo�del�com�po�nents.

Key�Words:�Ar�ti�fi�ci�al�to�oth;�fi�ni�te�ele�ment�analy�sis;�comp�le�te�den�tu�re

ÖZET�Amaç:�Tam�diş�siz�has�ta�lar�da�ya�pay�diş�ma�ter�ya�li�te�da�vi�ba�şa�rı�sın�da�önem�li�bir�et�ki�ye�sa�hip�tir;
bu�nun�la�bir�lik�te,�ya�pay�diş�ma�ter�ya�li�nin�al�ve�o�li�sır�tı�na�ile�ti�len�kuv�vet�ler�üze�rin�de�ki�et�ki�si�ye�te�rin�ce
bi�lin�me�mek�te�dir.�Bu�ça�lış�ma�nın�ama�cı,�por�se�len�ve�ak�ri�lik�re�zin�ma�ter�yal�le�ri�nin�des�tek�ke�mik�do�ku�-
la�rın�da�ki�stres�da�ğı�lım�la�rı�nı�kar�şı�laş�tır�mak�ve�bu�yol�la�fo�to�e�las�tik�ve�son�lu�ele�man�stres�ana�liz�yön�tem�-
le�ri�ni�kı�yas�la�mak�tır.�Ge�reç�ve�Yön�tem�ler:�Por�se�len�ve�sert�ak�ri�lik�re�zin�diş�le�re�sa�hip�iki�tam�pro�te�zi
be�tim�le�yen�üç�bo�yut�lu�son�lu�ela�man�ve�fo�to�e�las�tik�mo�del�ler�ha�zır�lan�dı.�Her�iki�yön�tem�de�de�mo�del�-
le�nen�diş�le�rin�düz�leş�ti�ri�len�ok�lu�zal�yü�ze�yin�den�300�N�ok�lu�zal�yük�le�me�ya�pıl�dı.�Ak�ri�lik�ve�por�se�len�diş�-
le�rin�ok�lu�zal�yük�trans�fer�ka�bi�li�yet�le�rin�de�ki�fark�lı�lık�lar�in�ce�len�di.�Bul�gu�lar:�Kuv�vet�uy�gu�la�ma�alan�la�rı
(28�MPa)�ve�ya�pay�diş�le�rin�ser�vi�kal�böl�ge�le�rin�de�(24�MPa)�en�yük�sek�stres�de�ğer�le�ri�göz�len�di.�Por�se�-
len�diş�ler�kul�la�nıl�dı�ğın�da�göz�le�nen�stres�de�ğer�le�ri�(4-8�MPa)�sert�ak�ri�lik�re�zin�diş�ler�de�göz�le�nen�ler�den
(4-12�MPa)�da�ha�dü�şük�tü.�Des�tek�ke�mik�ya�pı�sın�da�ki�stres�da�ğı�lım�şek�li�her�iki�mo�del�de�de�ben�zer�di.
So�nuç: Bu�ça�lış�ma�nın�bul�gu�la�rı,�por�se�le�nin�tam�pro�tez�ler�de�ya�pay�diş�ola�rak�kul�la�nıl�ma�sı�nın�des�tek
ke�mik�ya�pı�sın�da�ki�sı�kış�tır�ma�ti�pi�stres�se�vi�ye�le�ri�ni�dü�şür�dü�ğü�nü�gös�ter�miş�tir.�Son�lu�ele�man�stres�ana�-
liz�yön�te�mi�fo�to�e�las�tik�ana�liz�yön�te�min�den�stres�da�ğı�lı�mı�hak�kın�da�da�ha�de�tay�lı�bil�gi�sağ�la�mış�ve�mo�-
del�de�ki�tüm�ya�pı�lar�da�ki�da�ğı�lı�mın�in�ce�le�ne�bil�me�si�ne�ola�nak�ver�miş�tir.
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the�den�tu�re�un�der�occ�lu�sal�for�ce�has�an�im�por�tant
ef�fect�on�suc�cess�of�tre�at�ment.�The�den�tist�must�ac-
cu�mu�la�te,�cor�re�la�te,�and�eva�lu�a�te�the�bi�o�mec�ha�ni�-
cal� in�for�ma�ti�on� in�se�lec�ti�on�of�ar�ti�fi�ci�al� te�eth�to
me�et�the�in�di�vi�du�al�est�he�tic�and�func�ti�o�nal�ne�eds
of�the�pa�ti�ent.1 Not�only�the�mas�ti�ca�ting�ef�fi�ci�ency
con�si�de�ra�ti�on�but�al�so�com�fort,�est�he�tics,�and�pre�-
ser�va�ti�on�of� the�un�derl�ying�bony�and�soft� tis�su�e
struc�tu�res�are�im�por�tant�in�se�lec�ti�on�of�pos�te�ri�or
te�eth.2 Va�cu�um-fi�red�por�ce�la�in,�acr�ylic�re�sin,�and
hard�acr�ylic�re�sin�are�used�in�fab�ri�ca�ti�on�of�ar�ti�fi�-
ci�al�te�eth,�but�all�ha�ve�so�me�ad�van�ta�ges�and�di�sad�-
van�ta�ges.�

A�va�ri�ety�of�fac�tors�are�in�vol�ved�in�re�si�du�al
rid�ge�re�sorp�ti�on,�so�me�lo�cal,�ot�hers�syste�mic.3,4 For
examp�le,� com�pres�si�ve� for�ces� are� known� to� be
harm�ful�to�bo�ne.5 The�re�fo�re,�it�is�im�por�tant�to�les�-
sen�the�pres�su�re�on�the�sup�por�ting�tis�su�es.�Sin�ce
the�lo�ads�are�trans�fer�red�thro�ugh�the�te�eth�to�the
rest�of�prost�he�sis, the�se�lec�ti�on�of�ar�ti�fi�ci�al�te�eth
ma�te�ri�al�has�an�im�por�tant�ro�le�on�stress�dis�tri�bu�ti�-
on�in�sup�por�ting�struc�tu�res.6

In�this�con�text�of�for�ces�trans�mit�ted�to�the�re�-
si�du�al�rid�ge�the�qu�es�ti�on�ari�ses�of�whet�her�a�ma�te�-
ri�al�with�a�hig�her�co�ef�fi�ci�ent�of�elas�ti�city,�such�as
that�used�in�acr�ylic�re�sin�ar�ti�fi�ci�al�te�eth,�wo�uld�be
less�harm�ful�to�the�re�si�du�al�rid�ges.5

Va�ri�a�ti�ons�in�den�tu�re�tech�ni�qu�e�that�may�af-
fect�bo�ne�loss�ha�ve�be�en�in�ves�ti�ga�ted.7 No�dif�fe�-
ren�ces�of�sta�tis�ti�cal�sig�ni�fi�can�ce�we�re�fo�und�in�the
amo�unt�of�bo�ne�lost,�whet�her�a�simp�le�or�a�con�ven-
ti�o�nal�den�tu�re�tech�ni�qu�e�was�used.5 Un�for�tu�na�tely,
the�aut�hors�of�the�study�did�not�spe�cify�whet�her
the�te�eth�we�re�ma�de�of�acr�ylic�or�por�ce�la�in.5

The�ef�fect�of�the�set�ting�of�ar�ti�fi�ci�al�te�eth, and
the�ef�fect�of�the�cusp�ang�le�ha�ve�al�so�be�en�in�ves�ti�-
ga�ted.8,9 But�the�re�is�litt�le�know�led�ge�abo�ut�the�ef-
fect� of� ar�ti�fi�ci�al� te�eth�ma�te�ri�al� in� the� li�te�ra�tu�re.
Furt�her�mo�re,�a�re�vi�ew�of�li�te�ra�tu�re�re�ve�a�led�that
the�qu�es�ti�on�of�rid�ge�re�sorp�ti�on�in�re�la�ti�on�to�the
ma�te�ri�al�used�in�ar�ti�fi�ci�al�te�eth�(por�ce�la�in�or�acr�-
ylic�re�sin)�re�ma�ins�un�sol�ved�to�da�te.5,10,11

Grant�has�sum�ma�ri�zed�the�ad�van�ta�ges�and�di�s-
ad�van�ta�ges�of�por�ce�la�in�and�acr�ylic�re�sin�ar�ti�fi�ci�al
te�eth.10 The�simp�li�city�of�ad�just�ments�to�acr�ylic�te�-

eth,�which�can�be�gro�und�wit�ho�ut�any�se�ve�re�ef-
fect�on�the�ir�ad�he�si�on�to�the�den�tu�re�ba�se,�as�well
as�the�ea�se�of�den�tu�re�fab�ri�ca�ti�on�and�po�lis�hing�af�-
ter�ad�just�ments,�stand�out�as�the�ma�in�fac�tors�for
the�cho�i�ce�of�the�se�te�eth�by�most�cli�ni�ci�ans.5 The
gre�at�po�pu�la�rity�of�acr�ylic�re�sin�te�eth�was�al�so�ac-
k�now�led�ged�in�a�sur�vey�of�North�Ame�ri�can�den�tal
scho�ols.11 Ne�vert�he�less,�por�ce�la�in�re�ma�ins�an�outs�-
tan�ding�ma�te�ri�al,�re�cog�ni�zed�in�par�ti�cu�lar�for�its
du�ra�bi�lity,�which�is�su�pe�ri�or�to�that�of�acr�ylic,�de-
s�pi�te�prog�ress�in�the�de�ve�lop�ment�of�highly�cross-
lin�ked� acr�ylic� re�sins� that� are� less� sus�cep�tib�le� to
we�ar�than�con�ven�ti�o�nal�ones.5 But�it�is�ne�ces�sary
for�den�tu�res�to�be�used�for�a�long�pe�ri�od�of�ti�me�be-
ca�u�se�of�the�pre�ma�tu�re�con�tacts�ca�u�sed�by�the�ab�-
ra�si�on� of� ar�ti�fi�ci�al� te�eth� and� ab�sorp�ti�on� of� the
al�ve�o�lar�rid�ge.12

In�the�light�of�this�in�for�ma�ti�on,�the�pur�po�se�of
this�study�was�to�com�pa�re�the�stress�dis�tri�bu�ti�on�on
sup�por�ting�bo�ne�of�por�ce�la�in�and�hard�acr�ylic�re�sin
ma�te�ri�als,� and� to� com�pa�re� pho�to�e�las�tic� met�hod
(PM)� and� fi�ni�te� ele�ment�met�hod� (FEM)� by� this
man�ner.

MA TE RI AL AND MET hODS

In�this�study,�thre�e-di�men�si�o�nal�FEM�and�the�pho-
to�e�las�tic�stress�analy�sis�met�hods�we�re�used.�Two
types�of�mat�he�ma�ti�cal�mo�dels�si�mu�la�ting�two�com-
p�le�te�den�tu�res�with�por�ce�la�in�and�hard�acr�ylic�re�-
sin� te�eth� ha�ve� be�en� pre�pa�red� with� sup�por�ting
struc�tu�res.�Por�ce�la�in�and�hard�acr�ylic�re�sin�te�eth
ha�ve�be�en�al�so�used�in�PM.

Pho�to�e�las�tic� Met�hod: Acr�ylic� re�sin� (Ma�jor
Dent,�Ma�jor�Pro�dot�ti�Den�ta�ri�S.p.A.,�Mon�ca�li�e�ri,
Italy)�and�por�ce�la�in�(Re�al,�EN�TA�B.V.,�Hol�land)�ar-
ti�fi�ci�al�first�-se�cond�pre�mo�lar�and�first�mo�lar�te�eth
ha�ve�be�en�used.�Occ�lu�sal�pla�ne�of�te�eth�ha�ve�be�en
flat�te�ned�to�apply�a�uni�form�lo�ad.�Thick�ness�of�ba�-
se�part�of�den�tu�re�was�pre�pa�red�as�1.5�mm.�To�si�m-
u�la�te�sup�por�ting�struc�tu�re�part�a�30�x�50�mm�wax
mo�del�with�10�mm�thick�ness�has�be�en�pre�pa�red.
Then�im�pres�si�on�of�this�wax�pat�tern�has�be�en�ac�qu�-
i�red�by�a�Poly�si�lo�xa�ne�si�li�con-ba�sed�im�pres�si�on�ma-
te�ri�al� (Ze�tap�lus,� Zher�mack� Italy).� PL-2
(Me�a�sur�ments�Gro�up,�Inc.,�Ra�le�igh.�NC)�epoxy�re�-
sin�has�be�en�used�in�fab�ri�ca�ting�mo�del�(Fi�gu�re�1).
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300�N�occ�lu�sal�lo�ad�ha�ve�be�en�app�li�ed�by�a�Po-
la�ris�co�pe�(Sharp�les�Stress�En�gi�ne�ers�Ltd.,�Pres�ton,
UK)�uni�formly�to�flat�te�ned�occ�lu�sal�sur�fa�ce�of�te�eth.

Fi�ni�te�Ele�ment�Met�hod: The�study�was�con-
duc�ted� using� a� thre�e-di�men�si�o�nal� FEM� and� the
SAP�2000�Ad�van�ced�9.0.3�struc�tu�ral�analy�sis�prog�-
ram�(Com�pu�ter�Struc�tu�res�Inc.,�Berk�ley,�CA).

The�ge�o�metry�of�struc�tu�res�in�the�mo�del�was
ac�qu�i�red�from�the�pho�to�e�las�tic�mo�del.�The�stan-
dard�mo�del�com�po�sed�of�17283�no�des�and�15360
eight�no�des�brick�so�lid�ele�ments�with�thre�e�deg�re�e
of�fre�e�dom�per�no�de�(Fi�gu�re�2A).�Po�ints�at�bot�tom
bor�der�of�mo�del�we�re�con�si�de�red�fi�xed�in�all�di�rec�-
ti�ons�for�re�sis�tan�ce�of�the�FEM�mo�del to�the�occ�lu�-
sal�lo�ads.�

To�tal�300�N�lo�ad�ha�ve�be�en�app�li�ed�uni�formly
to�flat�occ�lu�sal�sur�fa�ces�of�all�thre�e�te�eth.�The�app�-
li�ed�for�ces�we�re�sta�tic�(Fi�gu�re�2B).

Mec�ha�ni�cal�pro�per�ti�es�of�the�ma�te�ri�als�we�re
ta�ken�from�pre�vi�o�us�li�te�ra�tu�re�(Tab�le�1).13,14 To�en-
ab�le�the�lo�gi�cal�com�pa�ri�son�of�the�re�sults�of�FEM
and�PM,�mu�co�sa�tis�su�e�was�ig�no�red.�All�ma�te�ri�als
we�re�pre�su�med�ho�mo�ge�no�us�and�isot�ro�pic.�Elas�tic
mo�du�lus�and�Po�is�son’s�ra�ti�o�of�the�ma�te�ri�als,�along
with�the�co�or�di�na�te�and�ge�o�metry�of�each�no�de�and
ele�ment,�we�re�en�te�red�to�com�pu�ter.�Sap2000�struc-

tu�ral�analy�sis�prog�ram�was�used�to�sol�ve�the�stress
analy�sis�prob�lems.�Cal�cu�la�ted�nu�me�ric�da�ta�we�re
trans�for�med�in�to�co�lor�grap�hics�to�bet�ter�vi�su�a�li�ze
mec�ha�ni�cal�phe�no�me�na�in�the�mo�dels.�Stress�le�vels
we�re�cal�cu�la�ted�using�von�Mi�ses�stress�va�lu�es.15

RE SULTS 

Pho�to�e�las�tıc�met�hod

In�pre�sen�ta�ti�on�of�the�stress�da�ta,�the�fol�lo�wing�ter-
mi�no�logy�has�be�en�used:�

a)�Low�stress�–�1�frin�ge�or�less;�

b)�Mo�de�ra�te�stress�-�bet�we�en�1�and�3�frin�ges;�and�

c)�High�stress�–�mo�re�than�3�frin�ges.16

Af�ter�app�lying�the�sa�me�ver�ti�cal�lo�ad�to�two
dif�fe�rent�ma�te�ri�als,�frin�ge�or�ders�ha�ve�be�en�eva�lu�-
a�ted.�In�eva�lu�a�ti�on�of�both�mo�dels�high�stress�va�lu�-
es� ha�ve� be�en� ob�ser�ved� at� al�ve�o�lar� rid�ge� re�gi�on
(Fi�gu�re�3,�4).

FIGURE 1: Model prepared for photoelastic stress analysis. FIGURE 2: (A) 3D finite element model. (B) Boundary conditions of FE model.

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

Acrylic artificial teeth 2940 0.3

Porcelain artificial teeth 82800 0.35

Acrylic resin 1960 0.3

Compact bone 19600 0.3

TABLE 1: Mechanical properties of materials.



In�com�pa�ri�son�of�por�ce�la�in�(Fi�gu�re�3)�and�acr�-
ylic�(Fi�gu�re�4)�te�eth�mo�dels,�mo�re�frin�ge�or�ders�ha�-
ve� be�en� ob�ser�ved� at� acr�ylic� te�eth� mo�dels� than
por�ce�la�in�te�eth�mo�del.

Fı�nı�te�ele�ment�met�hod

The�analy�sis�of�stress�va�lu�es�for�all�mo�dels�re�ve�a�led
that�ma�xi�mum�stres�ses�we�re�con�cen�tra�ted�on�for�ce
app�li�ca�ti�on�are�as,�cer�vi�cal�re�gi�ons�of�ar�ti�fi�ci�al�te�eth
and�me�si�al-dis�tal�al�ve�o�lar�rid�ge�re�gi�on.�

When�the�por�ce�la�in�and�acr�ylic�te�eth�mo�dels
we�re�com�pa�red,�lo�wer�stress�va�lu�es�we�re�ob�ser�ved

with�the�use�of�por�ce�la�in�te�eth�(Fi�gu�re�5)�than�the
hard�acr�ylic�re�sin�te�eth�(Fi�gu�re�6).�

In�por�ce�la�in�te�eth�mo�del,�stres�ses�we�re�ac�cu�-
mu�la�ted�in�por�ce�la�in�struc�tu�re,�and�stres�ses�trans-
fer�red�to�the�bo�ne�struc�tu�re�we�re�mi�ni�mal.�But�in
acr�ylic�te�eth�mo�del�stres�ses�we�re�di�rectly�trans�fer�-
red�to�the�bo�ne�struc�tu�re

When�FEM�and�PM�mo�dels�we�re�com�pa�red,
the�stress�dis�tri�bu�ti�on�on�sup�por�ting�bo�ne�was�si�m-
i�lar.�But�FEM�met�hod�ga�ve�in�for�ma�ti�on�abo�ut�the
type�and�amo�unt�of�stress�ad�di�ti�on�to�the�dis�tri�bu�-
ti�on.
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FI GU RE 3: Stress dis tri bu ti on of por ce la in te eth mo del in pho to e las tic met hod. FI GU RE 4: Stress distribution of acrylic teeth model in photoelastic method.

FI GU RE 5: Stress distribution of porcelain teeth model in FE method. FI GU RE 6: Stress distribution of acrylic teeth model in FE method.



DIS CUS SI ON

Alt�ho�ugh� fi�ni�te� ele�ment� analy�sis�was� ori�gi�nally
used�in�ship�bu�il�ding�and�ci�vil�en�gi�ne�e�ring,�it�has
be�en�uti�li�zed�for�stress�analy�sis�in�den�tistry.13 In�the
pre�sent�study,�using�the�o�re�ti�cal�(FEM)�tech�ni�qu�e,
the�ef�fect�of�the�ar�ti�fi�ci�al�te�eth�ma�te�ri�al�on�stress
amo�unt�and�dis�tri�bu�ti�on�was�eva�lu�a�ted.�Di�rect�ex-
pe�ri�men�tal�me�a�su�re�ments�of�the�stress�dis�tri�bu�ti�on
at�the�se�lo�ca�ti�ons�are�dif�fi�cult.�Ho�we�ver,�a�the�o�re�-
ti�cal�well�known�met�hod�for�cal�cu�la�ting�stress�dis-
tri�bu�ti�on�wit�hin� comp�lex� struc�tu�res� is� the�FEM
which�al�lows�the�in�ves�ti�ga�tor�to�eva�lu�a�te�the�inf�-
lu�en�ce�of�mo�del�pa�ra�me�ter�va�ri�a�ti�on�on�ce�the�ba�sic
mo�del�ha�ve�be�en�cor�rectly�de�fi�ned.17

The�FEM�re�sults�are�pre�sen�ted�in�terms�of�the
von�Mi�ses�stress�va�lu�es.�Von�Mi�ses�stres�ses�de�pend
on�the�en�ti�re�stress�fi�eld�and�are�a�wi�dely�used�in-
di�ca�tor�of�the�pos�si�bi�lity�of�da�ma�ge�oc�cur�ren�ce.18 It
was�ob�ser�ved�that�ar�ti�fi�ci�al�te�eth�ma�te�ri�al�has�an
ef�fect�on�stress�dis�tri�bu�ti�on�on�sup�por�ting�struc�tu�-
res.

The�ad�van�ta�ges�and�di�sad�van�ta�ges�of�por�ce�la�-
in�and�acr�ylic�re�sin�ar�ti�fi�ci�al�te�eth�we�re�re�por�ted
pre�vi�o�usly.5,10,11 Des�pi�te�the�prog�ress�in�the�de�ve�-
lop�ment�of�highly�cross-lin�ked�acr�ylic�re�sins�that
are�less�sus�cep�tib�le�to�we�ar�than�con�ven�ti�o�nal�ones,
por�ce�la�in�re�ma�ins�an�outs�tan�ding�ma�te�ri�al�as�it�is
much�mo�re�re�sis�tant�to�we�ar.5 It�is�ne�ces�sary�for
den�tu�res�to�be�used�for�a�long�pe�ri�od�of�ti�me�be�ca�-
u�se�of�the�pre�ma�tu�re�con�tacts�ca�u�sed�by�the�ab�ra�-
si�on�of�ar�ti�fi�ci�al�te�eth�and�ab�sorp�ti�on�of�the�al�ve�o�lar
rid�ge.12 Lan�da sta�ted�that�90%�of�the�tro�ub�le�re�sul�-
ting�from�den�tu�res�is�ca�u�sed�by�tra�u�ma�tic�occ�lu�si�-
on.19 Thus,� a� strong� ma�te�ri�al� li�ke� por�ce�la�in� is
ne�e�ded�in�tre�at�ment,�and�in�the�light�of�fin�dings�of
cur�rent�study�that�the�lo�wer�stress�va�lu�es�we�re�ob-
ser�ved�with�the�use�of�por�ce�la�in�te�eth,�por�ce�la�in�te�-
eth� can� be� re�com�men�ded� as� an� op�ti�on� for
tre�at�ment.�

The�re�we�re�no�pre�vi�o�us�pub�li�ca�ti�ons�abo�ut�the
com�pa�ri�son�of�inf�lu�en�ce�of�por�ce�la�in�or�acr�ylic�ar-
ti�fi�ci�al�to�oth�ma�te�ri�al�on�stress�dis�tri�bu�ti�on.�The
FEM�mo�del�cre�a�ted�for�this�study�was�a�mul�ti�la�ye�-
red�comp�lex� struc�tu�re� in�vol�ving�ar�ti�fi�ci�al� to�oth,

den�tu�re�ba�se,�and�sup�por�ting�struc�tu�res.�It�is�im-
por�tant�to�no�te�that�the�stress�fol�lo�wing�lo�a�ding
may�be� inf�lu�en�ced� gre�atly� by� the�ma�te�ri�als� and
pro�per�ti�es�as�sig�ned�to�each�ma�te�ri�al.�It�is�known,
that�when�for�ce�is�app�li�ed�to�com�po�si�te�or�la�ye�red
ma�te�ri�als,�stres�ses�tend�to�ma�xi�mi�ze�wit�hin�the�ma-
te�ri�al�with�the�hig�hest�elas�tic�mo�du�lus.20 The�re�fo�-
re,� the� stres�ses� we�re� mo�re� con�cen�tra�ted� in� the
por�ce�la�in� to�oth�ma�te�ri�al� and� less� trans�mit�ted� to
sup�por�ting�struc�tu�res�sin�ce�por�ce�la�in�has�a�hig�her
elas�tic�mo�du�lus�than�ot�her�struc�tu�res�and�acr�ylic.

PM�can�gi�ve�si�mi�lar�stress�dis�tri�bu�ti�on�pat�tern
on� sup�por�ting� bo�ne,� but� FEM� ga�ve� in�for�ma�ti�on
abo�ut�the�type�and�amo�unt�of�stress�ad�di�ti�on�to�the
dis�tri�bu�ti�on.�Furt�her�mo�re,�with�FEM,�stress�dis�tri�-
bu�ti�ons�of�all�struc�tu�res�in�ves�ti�ga�ted�in�study�can
be�eva�lu�a�ted.

The�mo�del�used�in�this�study�imp�li�ed�se�ve�ral
as�sump�ti�ons� re�gar�ding� the� si�mu�la�ted� struc�tu�res.
The�struc�tu�res�in�the�mo�del�we�re�all�as�su�med�to�be
ho�mo�ge�ne�o�us,�and�isot�ro�pic.�The�pro�per�ti�es�of�the
ma�te�ri�als�mo�de�led�in�this�study,�par�ti�cu�larly�the�li�-
ving�tis�su�es,�ho�we�ver,�are�dif�fe�rent.�Al�so,�it�is�im-
por�tant� to� po�int� out� that� the� stress� dis�tri�bu�ti�on
pat�terns�may�ha�ve�be�en�dif�fe�rent�de�pen�ding�on�the
ma�te�ri�als�and�pro�per�ti�es�as�sig�ned�to�each�la�yer�of
the�mo�del�and�the�mo�del�used�in�the�ex�pe�ri�ments.21

Al�so,�the�ef�fect�of�mu�co�sa�la�yer�was�ig�no�red�to�en-
ab�le�the�com�pa�ri�son�of�FEM�and�PM�re�sults.�Thus,
the� in�he�rent� li�mi�ta�ti�ons� in� this� study� sho�uld�be
con�si�de�red.

The�in�vi�vo�gre�at�ness�of�occ�lu�sal�for�ce�is�se�lec�-
ted�stan�dard�300�N�va�lu�e.�Ho�we�ver,�it�is�not�ne�ces�-
sary� for� this� for�ce� to� match� the� re�a�lity� exactly
be�ca�u�se�of�the�stan�dar�di�za�ti�on�bet�we�en�con�di�ti�ons
has�be�en�en�su�red�in�cur�rent�study�and�the�con�di�ti�-
ons�ha�ve�be�en�com�pa�red�qu�a�li�ta�ti�vely�with�each�ot�-
her.�Chen�and�Xu�ha�ve�emp�ha�si�zed�that�the�va�lu�e
of�FEM�mo�de�ling�is�in�re�la�ti�ve�va�lu�es�cal�cu�la�ted�at
dis�tri�bu�ti�on�pat�tern.22

As�with�many�in-vit�ro�stu�di�es,�it�is�dif�fi�cult�to
ex�tra�po�la�te�the�re�sults�of�this�study�di�rectly�to�a�cli�-
ni�cal�si�tu�a�ti�on.�The�lo�ad�app�li�ca�ti�on�are�a�can�inf�-
lu�en�ce� the� stress� dis�tri�bu�ti�on� pat�tern.� Thus,� to
si�mu�la�te�equ�al�con�di�ti�ons�for�dif�fe�rent�ma�te�ri�als
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the�occ�lu�sal�sur�fa�ces�of�te�eth�ha�ve�be�en�as�su�med�as
flat,�this�ha�ve�al�so�stan�dar�di�zed�the�con�di�ti�ons�for
PM�and�FEM.�The�se�flat�occ�lu�sal�sur�fa�ces�ha�ve�be�-
en�spe�ci�fi�cally�des�cri�bed�as�the�lo�ca�ti�ons�for�the
for�ce�app�li�ca�ti�ons.�Con�si�de�ring�the�li�mi�ta�ti�ons�of
cur�rent�study,�furt�her�stu�di�es�that�bet�ter�si�mu�la�te
the�oral�en�vi�ron�ment�and�inc�lu�ding�fa�ti�gu�e�lo�a�ding
are�re�com�men�ded.

CONC LU SI ON

Wit�hin�the�li�mi�ta�ti�ons�of�this�the�o�re�ti�cal�study,�the
fol�lo�wing�conc�lu�si�ons�we�re�drawn:

This�study�sho�wed�that�the�use�of�por�ce�la�in�as
ar�ti�fi�ci�al�te�eth�in�comp�le�te�den�tu�res�re�sul�ted�in�less
stress�le�vels�on�sup�por�ting�bo�ne�struc�tu�re.

When�in�ves�ti�ga�ting�the�stress�dis�tri�bu�ti�ons�on
mul�ti�la�ye�red�den�tal�comp�le�xes,�alt�ho�ugh�PM�gi�ves
si�mi�lar� re�sults,� FEM al�low� de�ta�i�led� in�for�ma�ti�on
abo�ut�stress�trans�fer�and�dis�tri�bu�ti�on.�Thus,�FEM�is
ad�van�ta�ge�o�us�com�pa�red�to�PM.�
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