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1. Introduction

Among the popubr types of denta restorations are the phob-cured dental resin composte
inlays. In spite of many quditi es, oneof the main disadvantages of theresin-based restorationsis a
shrinkage that ocaurs during the cure process It results in high residud stresss in the restoration
and the tooth, which can cause microleskages [1]. The mogt unfavourable stresss are the tensle
and shea stresss locded at the restoration-enamel interface To reduce the shrinkage stresses,
spedfic restorative techniques are used. One of them is applying the composte in a few layers
ingead of one layer. It appeas a question whether the layering technique redly reduces the
polymerizaion shrinkage stresses [2]. To answer for this question, behaviour of cured polymer
layers in the denta cave are described in terms of simplified andyticd formulae As the
maaoscopic measure of the conveasion degree at time t, temporary volumetric shrinkage s(t) is
taken. In the case of the light-curing process the volumetric shrinkage s depends on the light
expoaure H applied during the curing process Simultaneoudy we observe evolution of Youngs
modulus E and Poisn’s ratio v. One can assume simple exponantia fundionsdescribing s, E and
v as fundions of H [3]. To simulate volumetric changes of the materia, its temporary elastic
propeties are assumed and thethemal expanson analogyis used.

1. Modd of theincremental filling

The tooth-cavity is assumed to be Class Il, which may be moddled unde the plain strain
conditionsas a redangular opening (dimensons2axb), with rigid walls and bottom (Fig. 1). A full
adhesion of restoration and the tooth tisaues is assumed. The cave may befill ed and next irradiated
into two ways. One can fill the whole cavity before irradiation (Fig. 18), or onecan do it in two
steps At firgt, hdf of the prepared cavity isfill ed and irradiated (Fig. 1b). Next, the second layer is
placal on hecured previoudy layer and irradiated (Fig. 10).
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Fig. 1. Two ways of tooth-cavity restoration: in ore step (@) and in two geps (b-c).

In our modd, displacenents of particles of consdered resin layer, appeaing during the curing
process are expresed in terms of polynomals, prescribed at ead point x of the layer. The
polynomias satisfy the applicable bounday condtionsat the walls and bottom of the cavity. The
stressbounday conditions on the uppe surfaceof the resin are satisfied approximately usng the
prindple of minimum elastic energy. When hdf of the cavity isfill ed or irradiated, Y oungmodulus
E, Poisn ratio v and the volumetric shrinkage s are introducel as step-fundionsprescribed on the
whole crosssedion of thefill ed cavity. As a consequence the stresss, strains and displacements
are given explicitly as combinaions of polynomials and step-fundions of s, E and v. Such an
approac enables to watch an influenceof basic parameters describing the restoration process
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2. Results
Condder a case, when ead of polynomias describing horizontal and verticd is determined
by 9 coefficients, the cavity dimendonsare a = b=1 mm, s = 0.01,E = 4800MPaand v = 0.25.

Then, in the case of onelayer restoration, the tension stresses o™y, and the shea stresses gy,
along the cavity wall, are described by third order polynomials. For two layers restoration, the

corresponding stresses g @,y and o @y, are described by combinations of third order polynomials
and step-fundions The results are close to thos obtained from FEM andysis with ABAQUS. In
Figure 2, dresss o™ and g are presented as fundionsof nondimensond variable 0<7 =y/b<1.

Sxx - tension stress - at the wall of cavity Suy - shear stress - at the wall of cavity
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Fig. 2. Gmparison of stresses g® (point-lines) and o® (continuouslines) at the cavity wall.

It is known from dental pradice tha the point with the coordinate 7=1 (A a Fig. 1) isthe
most probable placewhere a leskage may appea. For this place we have: g3 @y g4 ¥y = 0.89,

and g4 @/ g4y = 0.80. The result suggests that the layering of the composte material with
succesgve irradiation may deaease maximal shrinkage stresses. Indeel FEM simulations of more
redistic modd of therestoration with one two and four layers confirm this hypohesis (Fig. 3).
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Fig. 3.FEM modd of the 4-ayers tooth restoration and dresss a the cavity wall for 2 and 4 byers.

Now, the comparison of stresscomponents at the point A, gives thefollowing results: g, @/
04 Pyx = 0.88,04 5 04 Pyy=0.81,04“d T4 Vxx=0.83, @ad g4“y/ 04 Py, =0.76.
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