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Setting Stress in Composite Resin in Relation to
Configuration of the Restoration

A.J. FEILZER, A.J. DE GEE, and C.L. DAVIDSON

Department of Clinical Materials Science, ACTA, University ofAmsterdam, Louwesweg 1, 1066 EA Ansterdam, The Netherlands

The setting stress in composite resins was studied as a function of
restoration shape. The shape is described by the configuration factor,
C, the ratio of the restoration's bonded to unbonded (free) surfaces.
In an experimental set-up, the shape of the restoration was simulated
by cylindrical forms of various dimensions. The shrinkage stress was
measured continuously. It was shown that in most of the clinically
relevant cavity configurations, the stress-relieving flow is not suffi-
cient to preserve adhesion to dentin by dentin-bonding agents.
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Introduction.

In adhesive restorations made from composite resins, the ma-
turing bond strength to dentin, by dentin adhesives, is in com-
petition with the developing shrinkage stress of the setting
material (Davidson et al., 1984). Only in restorations where
flow can relieve a great part of this stress will the bond be
prevented from disruption (Davidson and de Gee, 1984). Since
the degree of flow will be determined by material being sup-
plied from the free, unbonded, outer surfaces of the restoration
(Davidson, 1986), the preservation of the bond depends, among
other things, on the three-dimensional configuration of the res-
toration. In the present investigation, the role of the configu-
ration on the setting stress in a composite resin restoration was
studied in order for the extent of success of dentin-bonding
agents to be established.

Materials and methods.
The experimental set-up consisted of two opposing, identi-

cal, parallel steel disks (diameter d = 5, 10, or 15 mm), of
which one was connected to a load-cell and the other (at a
distance h) to the cross-head of a tensometer (Zwick, 1463/0
Eisinger, West Germany) (Fig. 1). Composite material was
inserted between the two disks and shaped to a cylinder ac-
cording to the circumference of the disks. In order to be bound
to the disks, their surfaces were silane-coated (Kulzer & Co.
GmbH, Silicoater, West Germany). This set-up provided for
continuous recording of the shrinkage stress of simulated res-
torations with known configuration factors (C), being the ratios
of bonded surface (the disks' planes) to unbonded (free) sur-
face (the cylinder jacket). For one disk diameter (d) and var-
ious disk-to-disk distances (h), five examples are drawn in Fig.
2. For each C-value, a rectangular, schematical restoration is
also drawn for which the respective C-values can be calculated
easily. For different d-values and h-values, C-values were cal-
culated according to the relation:

total disk surfaces 2= ( d)2
cylinder jacket surface 2 rr1 d h

2

d

2h
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Fig. 1 - Schematic representation of the tensometer arrangement: The
sample (x) was inserted between the two parallel steel disks (o) with
diameter (d), placed at a mutual distance (h). During the curing process,
any yielding of the load-cell to the contraction force was registered by the
two displacement transducers (t), which immediately drove the cross-head
to re-establish h.

In this expression, C is independent of the sample volume -
e.g., a C-value of 5 can be achieved by choosing d = 5.0 and
h = 0.5, d = 10.0 and h = 1.0, or d = 15 and h = 1.5
mm. The corresponding volumes are 9.8, 78.5, or 264.9 mm3,
respectively.
The recording of the shrinkage stress was carried out under

conditions by which the disks were prevented from being pulled
to one another by the shrinkage stress (h was kept constant).
Thus, any axial sample contraction, due to yielding of the load-
cell to the shrinkage force, was immediately counteracted by
a displacement of the cross-head of the tensometer to re-estab-
lish the original disk-to-disk distance ( + 0.2 jAm). This process
was controlled by the two displacement transducers (t in Fig.
1), which drove the cross-head as soon as a contraction was
registered. In this way, the shrinkage stress was determined
for:

(1) various configuration factors C, and
(2) various sample volumes at fixed configuration factors

C.
The Table summarizes the experiments carried out in this

study for the chemically initiated composites Silar (batch A:5T7
and B:5T7A, 3M Co., St. Paul, MN) and P10 (batch A:5Y1
and B:5R1, 3M Co., St. Paul, MN). They were mixed ac-
cording to the manufacturer's instructions. Each experiment
was conducted at room temperature (230 C) and repeated at
least three times. For each experiment, curves for the stress as
a function of time were plotted. Subsequently for each C-
value, one curve was constructed which represented the mean
of such a set of curves.
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SHRINKAGE STRESS AND CAVITY CONFIGURATION

TABLE
SURVEY OF CONFIGURATION FACTORS C (RATIO OF BONDED TO UNBONDED SURFACE)
AND THEIR CORRESPONDING VOLUMES V (IN mm3), FOR DIFFERENT DISK DIAMETERS d

AND DISK-TO-DISK DISTANCES h (IN mm)

h: 0.1 10.2 10.3 10.5 1 l.0 1.5 1 2.0 12.4 2.5 15.0 7.5
___ _

I

C: .2? 112.5 18 1.2.5 11.7 1 1.3 1.0 1.0 10.5 --
1.'.... -. . ..:.1..I .. '.' 1

d=5 V: .O- 4.0 '6.0 1020 29 39 948 ' 9 --
.1..............-

C: 50 I¢-11710I5l 133 2.51 2.1+I2 17
d-lo ~ ~~ ~ ~I:- 11-I1

V: 8.0 21124 140 t 1118 1158 1 190 196 589
------------m---------t-----......-...-1-

C: -- I-- I2v j-i15 1 7.51 3.7 13.1 13 1 .51A:1
d=15 V: -- 1-- 1-53 1 88 1 177 1~j 1 353 1 425 1 442 1 883 1132

. l: '-' 'I-- I:-

* and * denote the C-values which were used in the actual experiments with Silar and PlO, respectively.

0*5 10 2.0
Fig. 2 - An outline of the relation

between different schematic, rectan-
gular restorations, the corresponding
C-values, standard Class I, II, III, IV,
and V restorations, and cylindrical
experimental samples in proportion
to the respective C-values.

y~~~~~~~~

,C=5.0
Fig. 3 - Stress development in Silar as a

function of polymerization time for various
configuration factors (C) (disk diameter =

10 mm). The dotted sections of the curves
for C > 10.0, C = 5.0 and 2.1 represent
the range in which cohesive failure occurred.
The dotted line represents the bond strength
of Scotchbond, in combination with Silar, to
dentin (Davidson et al., 1984).

Results.
The influence of the configuration factor C on the devel-

oping shrinkage stress in an adhesive (chemically initiated)

composite resin restoration of Silar and P10 is shown in Figs.
3 and 4, respectively. Whenever possible, the shrinkage stress
was followed over a period of 30 min. In most cases, however,
the measurements ended earlier by spontaneous failure of the

0.2 C-value
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Fig. 4 - Stress development in P10 as a
function of polymerization time for various
configuration factors (C) (disk diameter =
10 mm). The dotted sections of the curves
for C = 2.5, 5.0, 10, and 25 represent the
range in which cohesive failure occurred.

10 time (min.)

material. All failures were cohesive, indicating that the adhe-
sive bond to the silane-coated disks was in all cases the strong-
est. The stress-values of spontaneous failures registered for a
particular C-value were generally spread over a wide range.
This was due to the fact that the correcting speed of the motor-
driven cross-head was not always able to match the speed of
the fast-developing shrinkage. The dotted sections of the curves
in Figs. 3 and 4 cover the range in which spontaneous fractures
occurred. Fig. 5 shows the stress development for C =1 and
5 at various volumes for Silar. The experiment for C = 1 with
d = 15 mm and h = 7.5 mm could not be carried out properly,
since the volume of 1325 mm3 was too large to handle. Also,
the results for C = 25 are not included. In these cases, co-
hesive failure occurred very early at practically zero value.

Discussion.
Standard preparations (according to G.V. Black) are cut to

a certain depth which is related to its length and width. There-
fore, a rough estimation can be made for the C-values in the
clinical situation. The simulated restorations and the various
C-values, drawn in Fig. 2, show that for the clinical situation,
the ratio of bonded to unbonded (free) surface, attains a max-

imum value at C = 5. Clinical examples are Class I and Class
V restorations.
A majority of the clinical restorations have C-values of ap-

proximately 1 to 2. Class II and Class III restorations (as a
whole or built up in sections) may account for these ratios.
Values of C c 1 refer to Class IV restorations and composite
layers, applied to flat or shallowly curved surfaces.

Figs. 3 and 4 each show two distinct situations - namely,
those in which the shrinkage stress develops slowly, leaving
the samples intact, and those in which the stress development
is so fast that it leads to "spontaneous" failure (all failures
were cohesive, since the adhesion to the silane-coated disk
surfaces was relatively high). The former situation always oc-
curred, for both Silar and P1O, when the configuration factor
C < 1. Apparently the stress relaxation by flow, supplied by
the unbonded (free) surface, is sufficient to maintain the co-
herence of the sample and its bond. The remaining shrinkage
stress slowly attains values which are lower than or just reach
into the range of reported bond strengths of dentin-bonding
agents (Eliades et al., 1985; Komatsu and Finger, 1986; Oden
and 0ilo, 1986). This indicates that adhesion to dentin with
the current adhesives will also survive in clinical cases when
C S 1.

Fig. 5 - Stress development in Silar as a
function of polymerization time for the con-
figuration factors, C = 1 and 5, at various
volumes (V1=265, V2=79, V3=10,
Va = 49, and Vb = 393 mm3).

10 time (min.) 20
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SHRINKAGE STRESS AND CAVITY CONFIGUR4TION

When 1 < C < 2, inconsistent results were obtained; for
both Silar and P10, some samples broke spontaneously and
others did not. An example of a measurement without failure
at C = 2 is shown in Fig. 4. Yet, in the clinical situation, the
adhesive bond might fail, since the shrinkage stress surpasses
the bond strength with dentin. The latter consideration, added
to the inconsistent experimental results, indicates that the cur-
rent dentin adhesives will be the unreliable factor in restora-
tions with 1 < C < 2.
At C-values greater than 2, all samples, both Silar and P10,

failed cohesively. For the clinical situation, it may be expected
that the early-maturing dentin-bond composite interface will
be the first to fail under the fast-developing shrinkage stress
(Figs. 3 and 4). An explanation for the reported lower con-
traction stress values in the literature (Bowen, 1967; Bowen
et al., 1983; Hegdahl and Gjerdet, 1977) can be sought in
incomplete bonding or premature partial separation of the bond.
Adhesion achieved with mechanical bonding (Bowen, 1967;
Hegdahl and Gjerdet, 1977) or bonding to roughened alumi-
num with Clearfil Bonding Agent (Bowen et al., 1983) may
not be as high as that which could be obtained by bonding to
the silane-coated disks in our study. A partial separation of the
bond will contribute to the flow capacity of the restoration,
since the C-value will decrease, and therefore results in a lower
contraction stress. Moreover, Hegdahl and Gjerdet (1977) made
no corrections for the compliance of the testing machine, which
they estimated to be comparable with that of large Class III
cavities ( C 1).

In general, an increasing rate of shrinkage stress develop-
ment with an increasing C-value leads to a decreasing flow
capacity. Values of C larger than 5 do not commonly occur
for clinical restorations. High C-values (C > 25) may be of
interest in predicting the preservation of adhesion of inlays
cemented with composite resins. Although failure is inevitable
in the experimental set-up, the result of cementation may be
different, if the shrinkage stress in the very thin cement layer
can be relieved by sufficient strain of the cavity walls and/or
inlay (Kemp-Scholte et al., 1987). In the present experimental
set-up, strain was continuously cancelled out, making stress
relief impossible.

In another study on this subject (Hansen and Asmussen,
1985), a surface-to-volume ratio was taken to describe the
configuration of the restoration. The experiments with increas-
ing volumes at two distinct C-values, shown in Fig. 5, illus-
trate that in general the shrinkage stress is dependent on the
- ratio and independent of the volume of a restoration. There-2h

fore, it was not appropriate to include the volume as a variable
in our description of the configuration. In the clinical situation,
however, enlarging the volume beyond a certain value, within
the dimensions of a tooth, might lead to loss of tooth structure
walls (Fig. 2, first row from right to left). In such cases, one
crosses the boundary of a certain class and also decreases the
corresponding C-value to a more stress-relieving situation. In
our experiment, only the moment at which the shrinkage stress
starts to develop is influenced by the volume. This shift to the
left on the time axis, at increasing volumes, can be sought in
the increasing temperature, since the transfer to the environ-
ment of the exothermic heat of polymerization is more limited
for larger volumes.
A study into the stress development of light-curing com-

posite resins is in progress.
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