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ABSTRACT

Introduction: This study was aimed to determine the effect of the linear polymerisation shrinkage of
composite resin using different bonding agents on the dimension of the tooth cavity. Methods: Fifty-
four extracted human premolar teeth, both maxillary and mandibular were used and divided into three
groups (A, B, and C) into eighteen specimens. The conventional cavity was prepared, and all cavities
were bevelled. In Group A, only the bevel was etched, and the enamel bond was applied to it. Group B
was treated with the same procedure as group A, but the dentin bond was used instead of enamel bond.
Group C, the whole cavity was etched, dentin bond was applied on the bevel and the cavity walls. The
reference points were placed in the vestibular and lingual palatal region as occlusal as possible on the
enamel. The Silar® composite resin (microfilled, chemically activated), etching agent (gel etch), enamel
and dentin bond system were employed for the preparation and filing of the cavities. The cavity was
filled with composite, and the specimens were immersed in 0.02% chlorhexidine gluconate solution at the
room temperature. The distance between both reference points was measured before and after filling
procedures. Results: Group A showed the least shrinkage with a mean of 0.14%, group B showed a larger
shrinkage with the average of 0.24% and the largest shrinkage was found in group C with the average of
0.26%. The difference between groups B and C was not statistically significant given at the point of 0.05
significance level, and the difference between groups A, B, and C was significant at the 0.01 significance
level. From the mathematical modelling using the stress-strain equation, the results showed that the
tensile stress in restrained of Silar® composite was higher than the enamel (19.80 MPa > 10.34 MPa) thus
lead to cracks in the enamel. Conclusion: The acid etching on dentin is not improving the retention
and marginal adaption of restorative resin. The use of enamel bond system gives a better effect on the
adhesion strength compared to the dentin bond system.
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INTRODUCTION

The term composite refers to a three-dimensional
combination of at least two chemically different
materials with a distinct interface separating the
components. The classification of composite resin
are traditional composites, microfilled resin, and
hybrid composites.! In these resins, micro fillers
are used derived chemically by hydrolysis and
precipitation and consist of very finely dispersed
radiolucent glass spheres. Originally these particles
have an average size of 0.04 um. Recently the size
of the utilized filler Particles has been increased
to about 0.05 - 0.1 pm. This characteristic has a
large influence on polymerization shrinkage.?

Many factors influence the polymerization
shrinkage such as fillers content, cavity
preparation, hygroscopic expansion, etc. The
fillers in current dental composites function to
reinforce the polymer and reduce the overall
shrinkage on the setting, but they do not prevent
the build-up of stress.® Cavity margins in enamel
are bevelled or chamfered when the acid etch
technique is used for composite restoration.
This would tend to distribute the shrinkage force
over an area of the bevelled enamel.* The new
cavity design adhesive restoration could reduce
shrinkage because of decreased cavity volume.> In
some resin, the contraction will be compensated
by the following hygroscopic expansion, however,
only etching of the enamel will ensure a better
marginal adaptation.®

The hardening of composite resin begins
when reaction between initiator and amine
accelerator at room temperature to initiate the
polymerization reaction. The polymerization
reaction starts very shortly after the monomer
and polymer are mixed before the gel point.
The polymerization shrinkage causes volumetric
and dimensional change. The linear shrinkage
dental restorative composite resin by using a
mechanical dilatometer on cylindrical specimens
range between 0.5 to 1.2% corresponding to a
volume shrinkage of approximately 1.5 to 3.6%.7
Dickson® determined volumetric for conventional
composite resin approximately 1.2 to 2.1%
equivalent to linear shrinkage, 0.4 to 0.7%,”® and
for micro filled resin 2 to 4.5 volume %, 0.8 to 1.9
linear%.

74

The hardening shrinkage of composite resin
can cause marginal defects. Furthermore, this
phenomenon increases the difficulties in obtaining
adhesive bonding.2* When a resin filling material
is fastened to the etched enamel shortly after
mixing, the enamel surrounding the cavity will
be pulled in central direction.®® This contraction
contributes to a shearing force that can cause
marginal cracks on enamel itself.

The shrinkage will not only cause volumetric
and dimensional change but also the build-up of
large stresses.* In many cases the stresses are so
high, that causes: internal stress probably can
cause micro-cracks at the filler-matrix interface
or between the matrix, marginal gaps between
restorative filling and cavity walls, and cracks on
enamel. The force exerted by the polymerization
contraction of some composite resin is sufficient
to fracture enamel when the bond strength of
the resin is greater than the tensile strength of
enamel itself.™

Therefore, from the above-mentioned
statement, the presence of this study was to
determine the effect of the linear polymerization
shrinkage of composite resin on the dimensions
of the tooth cavity. This study would investigate
whether the polymerization shrinkage could cause:
cracks in the enamel, marginal gaps between the
cavity wall and composite restoration, or micro-
cracks at the filler matrix composite.

METHODS

In this study, fifty-four extracted human premolar
teeth both maxillary and mandibular were used
and divided into three groups (Group A, B, and
C) of eighteen specimens. The etching agent,
two bonding agents and the composite resin used
for the preparation and filling of the cavities are
presented in Table 1.

A conventional cavity was prepared and all
cavities were bevelled. The reference points were
placed in the vestibular and the lingua palatal
region as occlusal as possible on the enamel
(Figure 1) and were used to determine any possible
change occurring in the linear distance between
these two points before and after the cavity was
filled with a composite resin. The composite resin
(a microfilled, chemically activated), the etching
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agent (gel etch), two bonding agent (enamel and
dentin bond system) were used for the preparation
and filling of the cavities. In the Group A, only the
bevel was etched and enamel bond was applied
on it. The Group B was treated with the same
procedure as group A but dentin bond was used
instead of enamel bond. In Group C, the whole
cavity was etched, dentin bond was applied on the

bevel and the cavity walls. Afterwards, the cavity
was filled with composite and the specimens
were immersed in 0.02% chlorhexidine gluconate
solution at the room temperature. The distance
between both reference points were measured
before and after filling procedures. The data was
analysed using the difference means method,
based on the student-t distribution.

Table 1. Product, batch numbers and manufacturers

Etching agent Gel etch MN - 55144  Manufacturers
Composite Resin Silar Composite (Microfilled) sttteeé?DEgJ M Co;‘,\?\lt' Paul
Enamel Bonding Agent P10 Enamel Bond System Bé;ff:&;%?ﬂ M Co;‘,\?\lt' Paul
Dentin Bonding Agent Scotch Bond Cii‘:i;:t{ﬁg 1 M CO;\A?\lt' Paul

The experimental procedure can be divided into
following steps:

Fabrication of specimen

Prior to embedding the teeth in self-curing acrylic,
the occlusal of the tooth was filled with wax to
keep the acrylic from entering the occlusal.
After these teeth were embedded in the acrylic
resin the teeth were positioned in a messing split
mold in such a way that the mesial and distal of
the tooth parallel to the horizontal plane of the
mold. The slicing of the teeth is performed by a
Leitz Microtome in slices of 3 mm in thickness,
the object put into the position with the cusps
as centrally as possible. After obtaining the
slices, the coronal part of the teeth was freed
from the acrylic and the wax in the occlusal was
removed. The specimen was again immersed in
0.02% chlorhexidine gluconate solution and stored
in a refrigerator. Because the slice was going to
be placed between two glass plates, the sliced
surfaces had to be polished to obtain a surface
which was flat and clean. The polishing was
performed using a polishing machine equipped
with the abrasive paper of grain size 1200 microns
and the interface between specimen and paper
was lubricated using tap water. After polishing the
thickness of the specimen was again measured
with a micrometre. The thickness of the slices
varied from 2.80 to 2.90 mm.

Preparation of the cavity and the positioning
of the reference points

A conventional cavity was prepared with a regular
fissure bur under water spray, to a depth of 3.5
mm and a buccolingual width of 2.5 mm. The form
of the cavity was rectangular, the walls presenting
a 90-degree angle to the floor. All cavities were
bevelled over a distance of 1 mm. On one of the
sliced surfaces, the reference points were placed
using the smallest round diamond bur which is
placed on a parallelometer Bachmann. The points
were placed in the vestibular and lingual-palatal
region as occlusal as possible on the enamel (Fig.1).
These reference points are used to determine any
possible change occurring in the linear distance
between these two points before and after the
cavity was filled with composite resin.

Filling procedure

Fifty-four specimens were prepared and divided
into three groups (A, B, C) of eighteen specimens.
Group A, only the bevel was etched and enamel
bond was applied on it. Then the cavity was
filled with the composite resin. Group B, same
procedure as group A but the dentinal bond was
used instead of enamel bond. Group C, the whole
cavity was etched, the dentinal bond was applied
on the bevel and the cavity walls. Subsequently,
the cavity is filled with composite. To protect the
reference points from any contamination during
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the etching and application of the bonding agents,
Vaseline was applied to it. After the cavity filling
is completed, the Vaseline was removed using a
little brush, soap and water spray. Each specimen
was placed between two glass plates which are
clamped together with a plier. The etching was
performed for one minute. Then the specimen
was washed with the water spray for one minute
and thoroughly dried using compressed air.
Immediately afterward a bonding agent was
applied as indicated above (see classified groups).

The weight ratio between the base and
catalyst has to be unity. To obtain this ratio the
amount of composite was determined using a

Wentzler digital balance. The maximum time of
the composite is limited to 15 seconds and the
application of the composite resin was completed
in 40 seconds. The cavity was slightly overfilled
using a syringe, then the free surface of the filling
is covered by a plastic matrix and varying force was
applied to the matrix using finger pressure. The
handling and application of the bonding agent and
composite resin were performed according to the
recommendation specified by the manufacturer.
When the composite resin was completely
hardened, the specimens were immersed again
in 0.02% chlorhexidine gluconate solution at room
temperature.

2.8-2.9 mm
Reference points 1 e Dentin L/P
- ’
Enamel
P.M.M.A

Figure 1. Preparation of the cavity and the positioning of the reference points

Measuring method for the determination of
the distance between reference points

Measuring device

To determine the distance between the reference
points, a precision microscope equipped with 3
directional position indication systems is utilized
for the relative movements of its elements
(supporting table and binocular) represent a
cartesian coordinate system designated XYZ
(Fig. 2). A position in the measurement space of
the microscope is determined by 3 coordinate
values which are displayed on three reversible
counters. This position information can be directly
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transferred to a computer through of a special
interface.?

Measuring procedure

There are two methods for measuring the distance
between two reference points; first, the direct
distance measurement from one point to the
other and secondly, the distance measurement
using an equation. Direct distance measurement
from one point to the other, with this method the
first reference point is aligned with the rotation
axes of the rotary stage. The coordinate of this
reference point is set to zero and the rotary
stage is rotated until the line connecting the two
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reference points is collinear with the x-axis (Figure
2). The x coordinate of the second reference point
will then represent the distance between the
reference points. This method is cumbersome due
to the difficulty of aligning the centre of the first
reference point with the rotation axis of the rotary
stage so that significant errors can be introduced
and a lot of time is needed. For more convenience
is used the distance measuring combination with

an equation (Figure 3).

Distance measurement using an equation

In this method, the specimen is placed beneath
the light microscope and the (x,y) coordinates
of both the reference points are determined.
To obtain the distance of the coordinate value
between two reference points can be calculated
using the following equation'":

D = /(X - X,)2 + (Y, - Y,)?

....(Equation 1)

: distance between the reference points

» Y, : coordinate values of first reference point and can be read on the X and Y counters
,» Y, : coordinate values of the second reference point and can be read on the X and Y counters. (Figure 2 & 3)

=

—
—

B = BINOCULAIR OF MICROSCOFE
ﬂA- ROTARY AXI1S

Rpl= REFERENCE POINT 1
,Brfi REFERENCE POINT 2

D = DISTANCE

ol = ROTATION ANGLE

Figure 2. Direct measurements of the distance between reference points
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Figure 3. Method for obtaining distance equation

77



The linear polymerisation shrinkage effect of chemical activated composite resin (Mariam et al.)

The method for obtaining distance equation
is more convenient because less time is needed
as shown in equation 1. The obtained coordinate
values are directly transferred to the computer
where a program determines the distance using
the above equation and displays this result on
its screen. By this, the fatigue of the observer
is decreased. Therefore, several errors will be
avoided.

RESULTS

The results showing the change of the distance
between the reference points before and after
filling the cavity and the statistical data using
t-test compared between groups are presented in
Table 2 and 3.

Table 2. The mean linear shrinkage data of Group A, B, and

The figure of distance between reference
points and overall findings are summarized in figure
4 and 5. The linear shrinkage data determined
from the changes of distance data was analyzed
using the difference of means method based on
the student t distribution. The distance change
between reference points before and after filling
procedures were analyzed and compared for all
groups. Group A showed the least shrinkage with a
mean of 0.14 %, group B showed a larger shrinkage
than group Awith a mean of 0.24 %, and the largest
shrinkage was found in group C with the mean of
0.26. The difference between groups B and C was
not statistically significant at the 0.01 and 0.05
significance level.

Table 3. Statistical data using t-test compared between

c groups
Group Mean Standard Range Group T-test a =0.01 a=0.05
(%) deviation (%) comparison
0y
%) AB 5.869 Significant  Significant
A 0.14 0.05 0.09 - 0.26
BC 1.639 _ Mot _ Mot
0.24 0.03 0.20 - 0.28 significant significant
C 0.26 0.03 0.21-0.31 AC 7.075 Significant Significant

(L)

Figure 4. Distance between reference points before and after filling with composite
X = distance between reference points before filling with composite
X’ = distance between reference points after filling with composite
(X- X’) = change of the distance between reference points before and after filling procedure (X’< X)

BETWEEM REFEREMCE POINTS (%)
L

MEAM OF THE DISTAMNCE DIFERREMCE

GROUP A

26
24
-
15 14

GROUF B
GROUPS

GROUP C

Figure 5. Histogram presenting the mean of the distance difference between reference points (%) for groups A, B, and C
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Mathematically, by using the equation
relating the stress-strain (Fig. 6) variables in the
elastic region of a material, it can be determined

whether the measurement results can lead to crack
formation in enamel or not. The mathematical
modelling procedure is as follows:

S = . E ettt seses .(Equation 2)

S : Stress (tensile stress is restrained).
e : strain analog to the change in dimension of the tooth cavity (0.24-0.26%).

E : modulus of elasticity of enamel (average modulus of elasticity of enamel is 82.50 MPa).?

From the above equation (Eq. 2), the stress
which may develop when the polymerization
shrinkage of Silar resin is S = 0.24 x 82.5 MPa =
19.80 MPa. As mentioned in the previous study that
the tensile strength of enamel was 1500 psi.13
Then, the conversion factor is 1 psi = 6.895 x 10 Pa
= 6.895 x 10 MPa. The tensile strength of enamel

mesdalf on distal wview

ceclusal wiew

E = a.E

5

in MPa = 6.895 x 10 x 1.5 x 10 MPa = 10.34250 MPa
=10.34 MPa. The tensile stress in the restrained
microfilled resin is larger than the tensile strength
of enamel (19.80 MPa > 10.34 MPa) so that it can
be assumed that the tensile stress can lead to
cracks in the enamel, however, the occurrence of
cracks was not investigated in this study.

- "
aofion rReacddon

This Aifuation L4 vallid jpt &
action which {4 appfied on one of

the gaee ends.

Figure 6. Relating the stress-strain variables in the elastic region of a material

DISCUSSION

Silar composite is a microfilled, chemically
activated composite resin, which has a
polymerization shrinkage of 3.5% volumetric and
1.47% linear.? In the study of Davidson', it was
found that the volumetric contraction stress
of Silar composite was in the range of 32 MPa.
Due to this large contraction stress, in this study
Silar composite was chosen as a restorative
resin material, to determine the effect of the
polymerization shrinkage in the occlusal cavity

inlined with those different bonding agents. The
result of the difference in distance between
the reference points before and after the filling
procedure (after 3 days immersion in solution)
showed a change in the dimension of the tooth
cavity ranging between 0.24 - 0.26%. From above-
mentioned, the enamel surrounding cavity was
pulled centrally as the material polymerized and
shrinkage. If so, then the bond strength between
the Silar composite with etched enamel is higher
than the contraction strength which is caused by
the polymerisation shrinkage of Silar composite
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and there was no gap between the restorative
resin and the etched enamel.

The problem lies in whether the adhesive
strength of the resin is greater than the tensile
strength of the enamel. If so then the tensile force
occurs in the resin, acting mainly in a direction
that is perpendicular to the long axis of the enamel
prism, which can cause enamel fracture.” Some
studies have reported that the force extracted
by three contractions of some composite resins is
sufficient to fracture the enamel that surrounds
the etched cavities into which they have been
locked. This would indicate that the bond strength
of the resin to the etched enamel is greater than
the tensile strength of the enamel.®"

Mathematically, by using the equation
relating the stress-strain variables in the elastic
region of a material, it can be determined whether
the measurement results can lead to crack
formation in enamel or not. The mathematical
procedure is as follows; if the average modulus
of elasticity of enamel (E) is 82.5 MPa'¢, and
strain analog to the change in dimension of the
tooth cavity (e = 0.24-0.26%). Stress which may
develop when the polymerization shrinkage of
Silar is restrained is 19.80 MPa. The tensile stress
of enamel in MPa is 10.34 MPa. This means that
the tensile stress in the restrained Silar composite
is larger than the tensile strength of enamel
(19.80 MPa >10.34 MPa), so that he polymerization
contraction of microfilled, chemically activated
composite resin, has a large probability of causing
cracks in the enamel that surrounds the etched
cavities.

From the previous studies, it can be
concluded that the Scotch bond (dentin bonding
agent) does significantly improve the bonding of
composite to dentin."” In Group B and C after acid
etching, the Scotch bond was applied, in order
to increase the retention between the composite
and the etched peripheral enamel (for group B)
and between the composite and etched cavity
walls (group C). The adhesion of Silar composite
to Scotch bond treated dentin is 7 MPa.’ In
this investigation the stress of the restrained
Silar composite (19.80 MPa) is greater than the
adhesion strength of Scotch bond from Davidson
investigation (7.00 MPa)'", so the possibility of
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marginal gaps formation can occur.

The acid etching technique has proved to
be an effective means of increasing the bonding
strength between restorative composite resins
and etched enamel. But in contrast to enamel,
acid etching on dentin will not improve retention
and marginal adaption of restorative composite
resins.'"® The above facts correlate well with
the results obtained from group C where the acid
etching was performed on the dentin and enamel
whereas in group B where the acid etching was only
performed on the enamel. Statistically, there is no
significant difference between the results of these
two groups (significance level 0.05). The linear
shrinkage of group A was the smallest compared
to group B and C. One of the factors which could
influence the results is the use of a different
bonding agent, wherein group A the enamel bond
system was used in contrast with group B and
C. Since the difference between groups B and C
compared to group A is statistically significant and
the use of adhesion between Scotch bonds and
enamel bonds must also be taken into account.

The importance of standard deviation (0.05)
in group A might be due to the cavity design. In
some cases, the flow of the composite resin to the
surface (shrink centre) can be obstructed, causing
an increase in polymerization pressure of the
composite resin. The occurrence of this greater
difference is the difference between the two
measurement points recorded before and after
polymerisation.

CONCLUSION

In conclusion, the polymerisation contraction of
Silar composite has a large probability of causing
cracks in the enamel that surrounds the etched
cavities into which they have been inserted. The
Scotch bond adhesive dentin agent is probably
not strong enough to restrain the contraction
stress produced by the polymerisation of Silar
composite. Yet, this study confirmed that the use
of enamel bond system gives a better effect on the
adhesion strength compared to the Scotch bond.
The acid etching on dentin alone, will not improve
retention and marginal adaption of restorative
resin.
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