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An Effect of Aging and Thermocycling on the Tensile Strength of
Restorative Composite Resins

Mi-Jeong Lee, DDS, PhD., Mi-Kyung Yu, DDS, PhD.,
Kwang-Won Lee, DDS, PhD

Department of Conservative Dentistry & Institute for Oral Bioscience, School of Dentistry,
Chonbuk National University

The purpose of this study was to evaluate effect of aging and thermocycling on the tensile strength of restorative
composite resins. Eight commercially available light-cured restorative composites (Heliomolar: HM, Palfique
Estelite: PE, Spectrum: ST, UniFil-F: UF, Z100: ZH, Clearfil AP-X: CA, P60: PS, and Palfique Toughwell: PT)
were selected as experimental materials. Rectangular-shaped tensile test specimens were fabricated in a teflon mold
giving 5 nn in gauge length and 2 mm in thickness. All samples were stored in distilled water at 37 C for 100 days.
Every 10 days, specimens were thermocycled for 1,000 cycles with 15 seconds of dwelling time in each 5C and
557 water baths. Tensile testing was carried out at a crosshead speed of 0.5 nu/min and fracture surfaces were
observed with a scanning electron microscope.

The results obtained were summarized as follows;

1. The strength degradation of thermocycled group was severer than that of the aged group (P<0.01).

2. The tensile strength of the CA and ST groups were significantly higher than that of other groups after
thermocycling treatment (P<0.05).

3. Fracture surfaces showed that the composite resin failure developed along the matrix and the filler/resin interface
region.
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Table 1. Materials used in this study
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Fig. 1. Schematic diagram of mold and device to
fabricate the specimen.

Filler loading

Material Code Composition Manufacturer
(vol%/wit%)
Heliomolar HM collodial silica Bis-GMA, 46/66.7 Vivadent, Schann
UDMA, DCDMA Liechtenstein
. . PE L. . 52/67 Tokuyama Soda
Palpique Estelite zirconia silica Bis-GMA, TEGDMA
Japan
Spectrum ST barium silicate glass/Bis-GMA, 57/77 Dentsply, USA
Bis-EMA, TEGDMA
UniFil F UF silicate glass, silica microfiller -[75 GC, Japan
UDMA, TEGDMA
Z100 ZH zirconia silica 66.0/84.5 3M, USA
Bis-GMA, TEGDMA
Clearfil AP-X CA barium silicate glass 70/85.5 Kuraray, Japan
Bis-GMA, TEGDMA
P60 PS zirconia silica/Bis-GMA, 61/- 3M, USA
UDMA, Bis-EMA
PT zirconia silicaf/UDMA, -/83 Tokuyama Soda

Palpique Toughwell

Bis-MPEPP, TEGDMA

Japan
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Fig. 3. Tensile testing device.
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Fig. 4. Weibull plot of light-cured composite
resins after drying for 10 days.
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Fig. 5. Weibull plot of light-cured composite resins
after aging for 100 days at 37T distilled
water.
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Fig. 6. Weibull plot of light-cured composite

resins after aging for 100 days at 37T
and thermocycling of 10000 cycles
between 5T and 55T.
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Table 2. Weibull analysis data after drying for 10 days

e GrowP | v PE ST UF 7H CA PS PT
010.5) 60.7 75.1 87.1 69.3 82.0 100.2 94.2 84.1
m 8.43 13.57 13.56 8.83 8.46 6.58 302 9.88
0 63.4 772 89.5 722 85.6 105.9 95.4 87.3
r‘ 0.959 0.862 0.983 0.944 0943 0929 0947 0877
Ortave 60.0 74.4 86.4 68.5 81.1 99.0 93.8 832
ov 0.121 0.077 0.080 0.121 0128 0161 003  0.109
N 10 10 10 10 10 10 10 10

0¢0.5)=median fracture strength in MPa; m=Weibull moudulus; o= Characteristic strength in MPa; r*=Weibull distribution
regression coefficient squared; Ogavy= Mean fracture strength in MPa; cv=coefficient of variation; N=number of samples.
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Table 3. Weibull analysis data after aging for 100 days at 37C distilled water

Group

Para HM PE ST UF ZH CA PS PT
010.5) 36.0 44.5 70.3 36.0 55.0 89.9 59.8 62.9
m 6.47 10.21 9.88 6.43 7.47 11.24 2247 8.70
0o 38.1 46.1 73.0 38.1 57.8 929 60.8 65.6
r 0.870 0.851 0.961 0.852 0.878 0.902 0.969 0.919
Of(avg) 356 44.0 69.6 35.6 54.4 89.0 595 622
cv 0.169 0.107 0.109 0.168 0.145 0.096 0.048 0.123

N 10 10 10 10 10 10 10 10

Table 4. Weibull analysis data after aging for 100 days at 37°C and thermocycling of 10000 cycles between
5T and 55T

Group
Para HM PE ST UF ZH ca PS PT
040.5) 26.9 35.1 58.0 18.8 46.2 79.6 433 47.6
m 5.36 5.13 9.24 5.21 7.06 10.54 11.45 4.75
0o 28.8 377 60.3 20.2 48.7 824 44.7 514
r‘ 0.941 0.952 0.976 0.779 0.970 0.984 0.906 0.902
Of(avg) 26.6 348 573 18.5 45.7 78.7 429 47.1
cv 0.201 0.209 0.120 0.207 0.154 0.103 0.096 0.227
N 12 12 12 12 12 12 12 12
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Fig. 7. Comparison of tensile strength of light-
cured composite resins.
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Fig. 8. Scanning electron micrographs of fracture surfaces after aging for 100 days at 37C and
thermocycling of 10000 cycles between 5T and 5567,
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