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ABSTRACT

THE CHANGE OF THE INITIAL DYNAMIC VISCO-ELASTIC MODULUS OF COMPOSITE RESINS
DURING LIGHT POLYMERIZATION

Min-Ho Kim, In-Bog Lee*
Department of Conservative Dentistry, School of Dentistry, Seoul National University

The aim of this study was to measure the initial dynamic modulus changes of light cured composites
using a custom made rheometer. The custom made rheometer consisted of 3 parts: (1) a measurement unit
of parallel plates made of glass rods, (2) an oscillating shear strain generator with a DC motor and a crank
mechanism, (3) a stress measurement device using an electromagnetic torque sensor. This instrument
could measure a maximum torque of 2Ncm, and the switch of the light-curing unit was synchronized with
the rheometer.

Six commercial composite resins (Z-100 (Z1), Z-250 (Z2), Z-350 (Z3), DenFil (DF), Tetric Ceram (TC),
and Clearfil AP-X (CF)] were investigated. A dynamic oscillating shear test was undertaken with the
rheometer. A certain volume (14.2 mm?) of composite was loaded between the parallel plates, which were
made of glass rods (3 mm in diameter). An oscillating shear strain with a frequency of 6 Hz and amplitude
of 0.00579 rad was applied to the specimen and the resultant stress was measured. Data acquisition start-
ed simultaneously with light curing, and the changes in visco-elasticity of composites were recorded for 10
seconds. The measurements were repeated 5 times for each composite at 25+0.5C. Complex shear modu-
lus G, storage shear modulus G’, loss shear modulus G were calculated from the measured strain-stress
curves. Time to reach the complex modulus G* of 10 MPa was determined. The G* and time to reach the
G* of 10 MPa of composites were analyzed with One-way ANOVA and Tukey s test (@ = 0.05).

The results were as follows.

1. The custom made rheometer in this study reliably measured the initial visco-elastic modulus changes

of composites during 10 seconds of light curing.

2. In all composites, the development of complex shear modulus G* had a latent period for 1~2 seconds

immediately after the start of light curing, and then increased rapidly during 10 seconds.

3. In all composites, the storage shear modulus G increased steeper than the loss shear modulus G~ dur-

ing 10 seconds of light curing.

4. The complex shear modulus of Z1 was the highest, followed by CF, Z2, Z3, TC and DF the lowest.

5. 71 was the fastest and DF was the slowest in the time to reach the complex shear modulus of 10 MPa.
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Table 1. Composite resins used in this study.
Material LOT No. Resin Matrix Filler contents (wt%) Manufacturer
Filtek Z-100 6CK Bis-GMA, TEGDMA 85 3M ESPE,

St. Paul, MN, USA
Filtek Z-250 6XC Bis-GMA, Bis-EMA, UDMA 82 3M ESPE,

St. Paul, MN, USA
Filtek Z-350 6EP Bis-GMA, Bis-EMA, UDMA 82 3M ESPE,

St. Paul, MN, USA
DenFil DF7905622 Bis-GMA, TEGDMA 80 Vericom,

Anyang, Korea
Tetric Ceram K14249 Bis-GMA, TEGDMA 79 Ivoclar Vivadent,
Schaan, Liechtenstein

Clearfil AP-X 00951A Bis-GMA, TEGDMA, UDMA 89 Kuraray Co.,

Tokyo. Japan
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Figure 1. Configuration of the custom made rheometer.
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Figure 2. Circuit diagram of the instrument.
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Figure 3. The relationship among shear strain 7(t), stress T
(t), and phase angle ¢ in a dynamic oscillatory test.

Figure 4. The relationship among storage (real) modulus &',
loss (imaginary) modulus G, and phase angle ¢ in a

complex plane.
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Figure 6. Representative strain-stress curves of composites during light curing as a function of time.

a. 7Z-100. b. Z-250. ¢. Z-350. d. DenFil. e. Tetric Ceram. f. Clearfil.
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Figure 9. Loss modulus (G7) as a function of time.

2 10%2 § HAHPEdASFE 150.3~563.7 MPaZ,
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Figure 8. Storage modulus (G) as a function of time.
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Figure 10. Time to reach the complex modulus of 10 MPa.
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Table 2. Time to reach G* of 10 MPa, G* and Loss tangent of composites at 2 s and 10 s.

Composites Time(s) to reach Complex modulus (MPa) Loss Tangent
G* of 10 MPa 2s 10s 2s 10 s
7-100 2.55 (0.13)° 2.17 563.7 (45.7) 0.64 0.32
7-250 2.70 (0.07)" 1.56 399.6 (15.7)° 0.77 0.47
7-350 2.81 (0.17)" 1.99 344.8 (30.1)¢ 0.74 0.47
DenFil 4.06 (0.08)¢ 0.3 150.3 (7.5)° - 0.57
Tetric Ceram 3.94 (0.12)° 0.56 161.9 (14.2)° - 0.58
Clearfil 3.18 (0.04)° 1.75 482.5 (25.8)" - 0.42

* Same superscripts in the column means no statistical significant difference.
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