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ABSTRACT 

Objectives: The purpose of this study was to investigate the effect of preheat temperatures on polymerization contrac-
tion stress and mechanical properties of three resin composites. Methods: Three resin composites (Filtek Supreme XT, 
GC Kalore, and Gradia Direct X) at room temperature, 37˚C, and 60˚C were investigated. Stress development and 
maximum contraction stress of the composites were evaluated. Directly after preheating, samples were light-cured for 
40 seconds and the force recorded for 15 minutes. Subsequent calculations were done to account for the system’s com- 
pliance and to obtain the shrinkage stress of the composites. In addition, composite discs (5 mm and 1 mm thick) 
were light-cured for 40 seconds at the preheat temperature. Hardness, elastic modulus, and creep of composites were 
investigated using a nano-indentation system (UMIS 2000). The results were analyzed using Two-way Analysis of 
Variance (2-way ANOVA) and Tukey’s Post-Hoc test (α = 0.05). Results: The results indicated that preheating com- 
posites to 37˚C and 60˚C increased the polymerization contraction forces, but did not significantly affect hardness, elas- 
tic modulus, and creep behaviour of the materials. Analysis of the contraction force upon allowing for thermal contrac-
tion indicated only a minor influence of preheat temperature. Significance: Preheating composites, upon allowing for 
system thermal contraction, showed a slight increase of the polymerization contraction stress but did not significantly 
affect the composites’ mechanical properties. 
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1. Introduction 

Advances in modern technology have resulted in the de- 
velopment of improved dental resin composites [1]. As a 
result, modern resin composites have become widely 
used for various purposes in restorative dentistry despite 
several drawbacks including substantial polymerization 
shrinkage, inferior wear resistance relative to amalgam, 
incomplete monomer conversion and undesirable water- 
sorption [2]. The polymerization contraction of bonded 
resin composites results in tensile stresses developing 
across the restoration-tooth interface, pulling the material 
away from the cavity walls [3-5]. This is one of the main 
causes for marginal failure and subsequent micro-leakage 
observed with resin composite restorations [6,7]. Con-
traction forces on cusps can result in cuspal deformation, 

enamel cracks and crazes [8], and ultimately decrease 
fracture resistance of the cusp [9]. 

The factors that can affect the polymerization shrink-
age are inorganic filler content, the molecular weight and 
type of monomer system, and the degree of conversion of 
the monomer system [10-13], whereas the magnitude of 
contraction stress for a specific resin system is dependent 
on the cavity configuration (C-factor), which is the ratio 
of the bonded to unbonded surface area of the restoration 
[14], the volume of the restoration [15], the nature of the 
matrix material [16], the filler load [12,17], the vis- 
cous-elastic properties [5,12] as well as the polymeriza- 
tion rate [18,19]. The ability of the polymer to rearrange 
and delay or relieve stress build-up (known as flow ca- 
pacity) has also been shown to influence the magnitude 
of the final contraction stress [6]. The high viscosity and 
stickiness of some modern highly filled resin composites, *Corresponding author. 
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can cause difficulties during the composite placement 
and material adaptation. A commercial device for pre-
heating such composite has been introduced (Calset, 
AdDent Inc., CT, USA) in order to improve both their 
flow-ability and adaptation. Most highly filled compos- 
ites have a lower viscosity when they are preheated [20]. 
Composites cured at elevated temperatures also have 
been observed to have an increased polymerization rate 
and a higher degree of conversion [21-23]. Daronch et al. 
reported that maximum conversion rate also increased 
with temperature, the maximum conversion rate at the 
top surface increased from 11.8%/sec at room tempera-
ture to 23.6%/sec at 60˚C [23]. Prasanna et al, also found 
an increase in the degree of conversion of preheated 
composites [24]. It however has been reported that the 
increased degree of conversion associated with preheat-
ing may result in increased polymerization shrinkage 
[25]. 

The main objective of this study is to investigate the 
effect of preheat temperatures on contraction stress pro- 
duced in resin composites during polymerization. The 
second objective is to evaluate the effect preheat tem- 
perature has on the mechanical properties of resin com- 
posites (nano-hardness, elastic modulus, and creep). It 
was hypothesized that increasing the preheat temperature 
would increase the polymerization conversion of com- 
posites and thereby increase the contraction stresses and 
improve their mechanical properties. 

2. Materials and Methods 

2.1. Materials 

The materials used in this study are indicated in Table 1. 

2.2. Nanoindentation 

Three disc specimens were made for each material by 
placing composite in a Teflon split mould between two 
Mylar strips and pressed manually with two flat glass 
slides resulting in a thin disc (5 mm × 1 mm thick). 
The disc was light-cured for 40 seconds on both sides 
using LED-light curing machine (MiniLED, Satelec, 
France). Hardness, elastic modulus, and creep of com-
posites were investigated using a nano-based indentation 
system (Ultra Micro-Indentation System, UMIS-2000, 

CSIRO, Australia). Samples were indented with a cali-
brated (with fused silica standard) Berkovich indenter 
(Synton, Switzerland). The force applied ranged from 10 
to 100 mN. The software based on the Oliver and Pharr 
method [26] calculated elastic modulus and hardness as a 
function of penetration depth, hp, for each indentation. At 
least 15 indents at 3 different areas were done on each 
sample to acquire the average values. Creep of each ma-
terial was calculated by dividing the displacement at the 
maximum load of each indentation by holding time (20 
sec). 

2.3. Polymerization Contraction Force 
Measurement and Polymerization Stress 
Calculation 

Polymerization contraction stress was measured by a 
purpose built device which consists of 2 parts; the first 
part is a load cell, in which a brass piston was attached. 
A brass piston (10 mm × 30 mm length) was used as 
the bonding substrate for the composite. The piston had 
one surface abraded with #180-grit sandpaper, coated 
with silane coupling agent prior to the application of a 
thin layer of unfilled resin (Adper™ Single Bond 2), and 
light-cured for 20 sec (MiniLED, Satelec, France). A 
ring-shape teflon© mold was inserted at the end of the 
brass piston, creating a cylindrical cavity (10 mm × 1 
mm thick) for the resin composite. Uncured resin com-
posite was preheated, inserted in the mold, and the mold 
was removed. The brass piston with the composite was 
heated up to specific test temperature on a thermal-con- 
trolled plate, a thermocouple (Fluke 52, Fluke Corpora- 
tion, USA) was placed inside a hole in the brass piston at 
all times to measure the composite temperature. The 
second part is a brass cylinder, holding a clear perspex 
disc (22 mm × 1 mm thick). The brass cylinder has a 
slot which allowed for the placement of the light guide of 
a curing unit in contact with the perspex disc. The top 
surface of perspex disc was abraded with #180-grit 
sandpaper, cleaned, coated with a thin layer of unfilled 
resin (Adper™ Single Bond 2), and light-cured for 20 sec. 
When the desired temperature was reached, the brass 
piston was fixed to the load cell. The brass piston was 
driven down until the composite just touched the perspex 
surface, the crosshead of the testing machine was stopped 

 
Table 1. materials tested in the present study, their reported volumetric shrinkage, respective batch number and manufac-
turer. 

Material Volumetric shrinkage (%) Manufacturer Batch number 

Filtek™ Supreme XT 1.72% 3M ESPE, Dental Products, St.Paul MN N151598 

GC KALORE™ 2.40% GC Corporation, Tokyo, Japan 910071 

Gradia™ Direct X 2.00% GC Corporation, Tokyo, Japan 1201271 
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when a load of 0.1 N was observed. The composite was 
photo-activated through the clear perspex disc as shown 
in Figure 1. As the composite polymerized, contraction 
force was followed for 15 mins and the maximum force 
recorded. The force values were converted to nominal 
stress by dividing them by the cross-sectional surface 
area of the specimen (78.5 mm2). Maximum contraction 
stress and maximum rate of force development, calcu- 
lated from the first derivative of the contraction force vs. 
time curves, were subjected to statistical analysis. 

2.4. Polymerization Shrinkage Measurement 

Three samples for each group were prepared in a similar 
way as for the contraction stress measurement. The brass 
piston with the composite was heated up to a specific test 
temperature on a thermal-controlled plate, a thermocou- 
ple (Fluke 52, Fluke Corporation, USA) was placed in-
side a hole in the brass piston at all times to measure the 
composite temperature. A comparator (MINICOM model 
E-MD-M30 J, Tokyo Seimitsu, Japan) with a resolution 
of 0.5 μm was used to detect the linear shrinkage pro- 
duced during polymerization. The shrinkage was fol-
lowed for 15 mins. 

2.5. Compliance Compensation 

The load cell and testing machine compliance (μm/N) was 
calibrated by loading in tension with standard weights 
 

 

Figure 1. The test setup for the polymerization stress meas-
urements. 

up to 500 N. The recorded values were compared with 
the actual loads. The same comparator (MINICOM mo- 
del E-MD-M30 J, Tokyo Seimitsu, Japan) was also used 
to detect deflection of the load cell and the supporting 
system. 

2.6. Statistical Analysis 

The results were analyzed using Two-way Analysis of 
Variance (2-way ANOVA) and Tukey’s Post-Hoc test (α 
= 0.05) (IBM® SPSS® statistics 20, USA). 

3. Results 

3.1. Mechanical Properties 

Results for hardness, elastic modulus and creep rate are 
shown in Figure 2. For all mechanical properties tested, 
statistically significant differences were detected between 
different materials (P < 0.05), but no significant differ-
ences were found between materials preheat temperatures. 

3.2. Polymerization Shrinkage 

Polymerization volumetric shrinkage results are shown in 
Figure 3. For all materials, the volumetric shrinkage 
increased significantly (P < 0.01) with the increase in 
temperature. 

3.3. Polymerization Force Development 

Typical observations of the force development as a func-
tion of time for the 3 materials at room temperature, 37˚C, 
and 60˚C are shown in Figure 4. All materials exhibited 
a significant force increase between 5 and 40 sec, which 
then continued to increase at a slower rate. The extent of 
force development beyond 1 min was in all instances 
greater at elevated temperatures. This pattern was con-
sistent for all temperatures. 

Mean values and standard deviations of the contraction 
forces recorded at 1 and 15 min are shown in Table 2. 
The calculated maximum contraction stresses at 15 min-
ute are listed in Table 3 and maximum rates of force 
development are listed in Table 4. 

Statistically significant differences were detected be-
tween different materials and temperatures (P < 0.05) for 
both contraction force and rate of force development. GC 
Kalore exhibited the lowest stress values, followed by 
Gradia Direct X and Filtek Supreme XT. For all compos-
ites tested, increasing the preheat temperature signifi-
cantly increased the contraction force, contraction stress, 
and rate of force development (P < 0.05). 

3.4. Compliance Compensation 

Results from the Calibration of the load cell show that 
the comparator moved 9 μm or every 100 N load applied. f   
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Figure 2. Mechanical properties of composites at 3 temperatures. 
 
Therefore the results need to be adjusted proportionally 
to the contraction force values. To calculate the contrac-
tion stress that would have developed if the load cell and 
support system had been infinitely stiff and assuming 
that no further relaxation or creep takes place during po-
lymerization, the calculation of the deformation due to 
compliance of the system at 15 minute was done. Know-
ing the maximum force developed and the compliance 

enables the effective deflection of the system to be esti-
mated. Also knowing the dimensions and elastic proper-
ties of the support structure (Brass rod and bonding resin), 
the effective additional force generated had the load cell 
been infinitely rigid were calculated. The resultant cor-
rected contraction stresses are listed in Table 5. Interest-
ingly, the stress results obtained from calculation are 
much higher than the original results obtained directly  
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Figure 3. Polymerization volumetric shrinkage of composites. 
 
from the contraction force measurements (Tables 3 and 
4). Similar to the observed results, calculated stresses (Ta- 
ble 5) show statistically significant difference between 
materials and temperatures. For all composites, increas- 
ing the composite temperature significantly increased the 
contraction stress (P < 0.05). 

4. Discussion 

The aim of this study was to evaluate the effect of pre-
heat temperatures on the mechanical properties of com-
posites, and to investigate its impact on polymerization 
contraction and subsequent contraction stress produced 
in resin composites. For the two composites tested, Filtek 
Supreme and Gradia Direct X, preheating to 60˚C leads 
to a slight decrease in all tested mechanical properties. 
As shown in Figure 2, at 60˚C Filtek Supreme presents a  

2.1% decrease in nanohardness, 5% decrease in elastic 
modulus, and 4.7% decrease in creep rate, whereas Gra-
dia Direct X shows a 2.7% decrease in nanohardness, 
0.06% decrease in elastic modulus, and 5.5% decrease in 
creep rate. On the other hand, preheating GC Kalore to 
60˚C resulted in a 9.6% increase in nanohardness and 
elastic modulus, and produced a 6.5% decrease in creep 
rate. Overall, the results indicated that there was no sta-
tistically significant difference in mechanical properties 
(Hardness, Elastic modulus, and creep) of the cured resin 
composite after preheating to 37˚C and 60˚C. This would 
imply that the degree of conversion of the tested com-
posites is not noticeably affected by the preheat tem-
perature although one would have initially thought that 
hardness, elastic modulus, and creep rate would have 
been particularly dependent on the degree of conversion. 
t appears that the depth of the nano-indentation penetra I   
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Figure 4. Polymerization contraction force development curves. 
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Table 2. Means and standard deviations of the polymerization contraction force (N) at 1 and 15 minute. 

Temperature Room temp 37˚C 60˚C 

Material/ Time 1 minute 15 minute 1 minute 15 minute 1 minute 15 minute 

GC Kalore 35.6 (5.4) 40.9 (2.6) 41.5 (1.5) 77.7(10.3) 59.4 (0.7) 93.9(6.9) 

Gradia Direct X 43.5 (3.1) 59.3 (3.4) 65.1 (2.1) 91.1(4.7) 68.9 (0.9) 113.3(6.9) 

Filtek Supreme XT 49.3 (0.2) 61.4 (1.7) 71.4 (0.7) 95.9(4.7) 83.0 (2.0) 118.4(1.1) 

 
Table 3. Means and standard deviations of the maximum polymerization contraction stress (MPa) at 15 minute. 

Material/Temperature Room temp 37˚C 60˚C 

GC Kalore 0.55 (0.03) 1.08 (0.13) 1.28 (0.09) 

Gradia Direct X 0.76 (0.04) 1.16 (0.06) 1.44 (0.09) 

Filtek Supreme XT 0.78 (0.02) 1.22 (0.06) 1.51 (0.01) 

 
Table 4. Maximum rate of force development (N/sec) and Time to achieve the maximum rate (sec). 

Room temp 37˚C 60˚C 
Material/ Temperature 

Rmax (N/sec) Time to Rmax Rmax (N/sec) Time to Rmax Rmax (N/sec) Time to Rmax

GC Kalore 2.7 (0.4) 5.6 (0.6) 3.1 (0.3) 7.0 (0.0) 4.1 (0.5) 5.6 (0.6) 

Gradia Direct X 4.4 (0.6) 8.0 (0.0) 6.9 (0.8) 7.0 (0.0) 8.6 (0.9) 4.6 (1.7) 

Filtek Supreme XT 3.8 (0.5) 6.6 (1.2) 7.7 (0.6) 4.3 (0.6) 8.8 (1.2) 5.6 (0.6) 

 
Table 5. Adjusted maximum contraction stress values (MPa) from a calculation. 

Material/Temperature Room temp 37˚C 60˚C 

GC Kalore 8.35 16.2 19.7 

Gradia Direct X 11.21 17.24 21.43 

Filtek Supreme XT 13.93 21.79 26.87 

 
tion is not a genuine indicator of the bulk properties of 
these cured composites. Recently, Nada and El-Mowafy 
found a significant increase in surface microhardness of 
two of the three tested composites, and a significant in-
crease in diametral tensile strength and compressive 
strength in one of the three materials, after preheating 
[27]. Muñoz et al. also reported an increase in surface 
hardness with preheating to 37˚C and 60˚C; however, 
different composites were tested [28]. They concluded 
that composites behave differently with heat treatment 
resulting in different mechanical properties. This may 
explain the results in this study since each of the three 
composites tested behaved differently after heat treat-
ment. 

The polymerization shrinkage results, before and after 
exclusion of the brass thermal contraction effect (Tables 
6 and 7), showed that the contribution of the brass is a 
substantial fraction of the total contraction especially 
when preheated to 60˚C. For all materials, the measured 
polymerization shrinkage increased in value with tem- 

perature elevation. This increase was highly significant 
(P < 0.01) before excluding the brass effect. However, 
after exclusion of the brass effect, the increase was only 
just significant (P < 0.05). This again emphasises the 
substantial contribution of the brass contraction to the 
raw shrinkage values in the current study. 

Similar to the shrinkage results, preheating composites 
significantly increased the measured polymerization con-
traction force. Preheating composites from 20˚C to 37˚C, 
without taking into account the thermal contraction of the 
brass, resulted in a contraction stress increase of 96.4% 
for GC Kalore, 52.6% for Gradia Direct X, and 56.4% 
for Filtek Supreme, whereas preheating composites from 
20˚C to 60˚C resulted in a contraction stress increase of 
132.7% for GC Kalore, 89.5% for Gradia Direct X, and 
93.6% for Filtek Supreme. As shown in Table 5, con-
traction stress results after compensated for the test sys-
tem compliance showed much higher values than the 
experimental results, however exclusion of the thermal 
co traction of the brass (by calculation) resulted in n 
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Table 6. Shrinkage (µm) of the test systems (including the brass piston) at 1 and 15 minute. 

Room temp 37˚C 60˚C 
Material/Temperature 

1 min 15 min 1 min 15 min 1 min 15 min 

GC Kalore + Brass 15 18.67 27.5 28.67 42.5 46.5 

Gradia Direct X + Brass 18 25.83 30 37.33 45 53 

Filtek Supreme XT + Brass 17.5 22 30 34.83 42.5 48.17 

Brass 0 0 5.5 8.5 15.5 20.33 

 
Table 7. Shrinkage (µm) of composites after exclusion of the brass contraction. 

Room temp 37˚C 60˚C 
Material/ Temperature 

1 min 15 min 1 min 15 min 1 min 15 min 

GC Kalore 15 18.67 22 20.17 27 26.17 

Gradia Direct X 18 25.83 24.5 28.83 29.5 32.67 

Filtek Supreme XT 17.5 22 24.5 26.33 27 27.84 

 
minimal stress increase for all groups.  

The results from this study showed that a major con-
tribution to the higher forces and stresses at elevated 
temperatures is the thermal contraction effect of the 
heated test system (brass piston + bonding resin + com-
posite) rather than a consequence of greater conversion 
of composite. This is because the mechanical properties 
of the composites would have been improved if they 
have greater conversion. The brass piston is 31 mm in 
length and has a thermal expansion coefficient of 18.5 × 
10−6⁄˚C, the bonding resin thickness is 0.1 mm and has a 
thermal expansion coefficient of 60 × 10−6⁄˚C, whereas 
the composites is 1 mm thick and typically have a ther-
mal expansion coefficient of 40 × 10−6⁄˚C. Thus these 
components all contribute to a substantial amount to the 
contraction force. 

Polymerization shrinkage and shrinkage strain both 
have been shown to increase proportionally with the 
composite temperature, from 2% at room temperature to 
5% at 60˚C, for a range of composites [22,23,29-31]. 
Thus the increased polymerization forces at elevated 
temperatures were far greater than previously measured 
increases in the degree of conversion. One might also 
have thought that the increased polymerization conver-
sion would have increased the mechanical properties and 
decreased the creep rate but this was not observed in two 
of the three composites tested. As mentioned earlier, only 
GC Kalore showed an increase in nanohardness and elas-
tic modulus, and a decrease in creep rate, but these were 
not significant. 

Contraction stress development of dental composites 
depends on both material compositional factors and 
composite polymerization factors [32,33]. The resin ma-
trix of Filtek Supreme XT contains a mixture of Bis- 
GMA and TEGDMA, added to Urethane dimethacrylate 
(UDMA) and Bis-EMA resin, whereas the resin matrix 
of GC Kalore is based on DX-511 monomer, and the 
resin matrix of Gradia Direct X consists of a mixture of 
UDMA and dimethacrylate co-monomers (information 
from manufacturer and products’ data sheet). Bis-EMA, 
contained in Filtek Supreme XT (which also has a higher 
filler content), is a less flexible and more viscous mono-
mer [34], both of which may account for Filtek Supreme 
XT generating the high stress values observed. Dx-511 
monomer is claimed to have higher molecular weight 
(MW 895) and therefore less polymerization shrinkage, 
in comparison to Bis-GMA (MW 512.6). The results 
show that GC Kalore and Gradia Direct X produce less 
shrinkage stress than Filtek Supreme XT. If we compare 
the stress increase values for each system between 1 and 
15 minutes (Table 2), then the 60˚C preheated system 
shows much greater increase than the 37˚C and room 
temperature results. The linear shrinkage results however 
showed a comparable increase in shrinkage between 1 
and 15 minutes, upon comparison of the values at room 
temperature, 37˚C and 60˚C (Table 6). Interestingly, if 
we exclude the brass contraction from the values at 37˚C 
and 60˚C (Table 7), then the increase in shrinkage from 
1 to 15 minute is less when preheated composite to 
higher temperature. 
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The contraction force versus time curves of compos- 
ites cured at room temperature showed an S-shape profile 
similar to that previously reported [32,35,36]. A slow 
increase at the start indicating a slight expansion of the 
composite which can be due to the temperature increases 
by the starting of the curing unit as described by Chen et 
al. [35,36]. A different profile was found for the other 
groups cured at elevated temperatures, their initiation 
state of the polymerization seems to be shorter and re- 
sulted in higher rate of force development than those 
cured at room temperature. 

Maximum rate of force development increased with 
temperature for all composites. The time to reach the 
maximum rate of force development ranged from 4.3 to 8 
seconds and did not show a clear trend. These outcome 
were in agreement with previous studies, which reported 
an increase in maximum conversion rate of composites 
with increased temperature [21,23,37]. Daronch et al. 
investigated polymerization kinetics of preheated com-
posite, they found that composite reacts quickly once 
light exposure is initiated and time to achieve maximum 
conversion rate (tmax) occurred before 5 sec at 2-mm 
depth, and under 3 sec at the top surface, however, they 
found no significant change with temperatures [23]. 
Other studies also found that tmax can increase or remain 
almost constant [38], or even decrease with reduction in 
temperature [39]. Therefore tmax seems to be dependent 
on the system nature and on the experimental conditions 
used [23]. Plots of Rate of force development versus 
Time show similar pattern for all materials. The highest 
rate of force development were found during the first 4 - 
10 seconds then gradually decreased. A higher rate was 
found with increase in preheat temperature. 

One of the major problems related to stress measure-
ment systems is their compliance. In experimental setups 
with near zero compliance (when the load-cell and sup-
porting system is infinitely stiff) such as the setups with a 
feedback control system, the deformation that occurs 
outside the extensometer limits can be excluded [40]. 
Without a feedback control system, composite contrac-
tion is able to elastically deform the load recording sys-
tem (load cell + testing machine + testing jig) which 
therefore dissipates part of the contraction force through 
deformation of the testing device. This type of setup re-
sults in much lower recorded force values than those ob-
tained with near zero compliance systems [35,41,42]. 
The recorded force values in this study were therefore 
underestimated and need to be compensated for the sys-
tem compliance. After adding additional force to the re-
sults, as outlined in the appendix to accommodate for the 
system compliance compensation, the force and associ-
ated tensile stress results are much higher than the re-
corded values although they demonstrate a similar pat-
tern. The calculated stresses, assuming no creep relaxa-

tion stress during curing, the maximum values at 10 min-
utes range from 6.2 - 11.5 MPa, and at 15 minutes range 
from 8.4 - 13.9 MPa at room temperature, which are 
comparable to the previous reported maximum stress 
findings with rigid or feedback controlled-compliance 
apparatus at room temperature which range from 4.4 - 
11.6 MPa [3,40,43]. In addition, the amounts of stress 
increase when composites were preheated from room 
temperature to 37˚C and from 37˚C to 60˚C are compa-
rable for all materials. An explanation is that the calcu-
lated force assumes that no relaxation or creep occurs 
during the build up of the higher forces which certainly 
would not be the case. Viscoelastic and flowability of 
composite play an important role in lowering the con-
traction stress [44]. The stresses due to volume shrinkage 
are partly relieved by the viscous flow or creep process 
of the material. This may be the reason why simple elas-
tic stress calculations based on total volume shrinkage 
and final modulus of the material will give much higher 
stress values than those actually observed [44].  

The interfacial contraction stress occurs during po- 
lymerization because the composite is constrained by the 
bonded surfaces. The configuration factor of the cavity 
(C-factor), the ratio of the bonded to un-bonded surfaces 
of the restoration, is one of the main factors in the de- 
velopment of the contraction stress in resin composite 
restorations [35,41,42]. In the present experimental setup, 
the resin composites were placed in a cylindrical cavity 
(10 mm × 1 mm thickness), constrained by two com-
posite bonded surfaces, which allowed some degree of 
composite flow at the unbonded edge surfaces. The 
C-factor of composite in this setup is 5 (157/31.4) which 
is considered high [14]. When placing a restoration with 
the preheated composite, upon placement the tooth will 
begin to heat up because of the heat transfer from the 
composite. The tooth will slightly expand while the 
composite will begin to cool down [45,46]. When the 
curing light is switched on, there will be a slight increase 
in composite temperature followed by a rapid volumetric 
shrinkage of composite as polymerization occurs. A lim-
ited space for composite relaxation and the rigidity of 
enamel surrounding the cavity will limit the deflection of 
the tooth, resulting in the development of higher stresses. 
According to Hooke’s law, stress is determined by the 
stiffness of the material when subjected to a given strain. 
Therefore, the higher the elastic modulus and the polym-
erization shrinkage of the composite, the higher the con-
traction stress will be.  

Polymerization stress development also depends on 
polymerization kinetics [33]. In general, the composites 
exhibited a significant stress increase during the first 40 
seconds when it rapidly polymerized and acquired its 
rigidity [32]. The rate of contraction force development 
is higher during the light polymerization and continues 
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after exclusion of the light source. In the present study, 
the maximum rates of force development increased sig- 
nificantly with temperatures (p < 0.05). The plots be- 
tween rate of force development versus time show a con- 
tinuation of contraction force after exclusion of the light, 
which also increased with the temperatures. 

5. Conclusion 

This study demonstrates the strong influence of compos-
ite temperature on polymerization contraction behaviour 
of dental resin composites. Preheating composites to 
higher temperature significantly increased the rate of 
polymerization and polymerization contraction stress. 
The increased stress at elevated temperature seems to be 
a consequence of the system thermal contraction rather 
than an increase in materials’ conversion, since the 
composites’ mechanical properties were not significantly 
improved at elevated temperatures. 
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