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ESR Study on Curing Characteristics of Flowable Composite Resin
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The purpose of this study is to investigate the curing characteristics of light-cured flowable composite resin
(flowable resin) by electron spin resonance spectroscopy ( ESR) . Polymer radicals ( propagating radical)
generated in flowable resin were detected and observed. The effect of exposure time on conversion of double
bonds and changes in conversion of double bonds by post-irradiation polymerization were examined.

In the present study, a commercially available flowable resin was used, and a xenon lamp (irradiation time
of three minutes) or dental halogen lamp (exposure times of 10-40 seconds) was used for visible light irra-
diation. The conversion of double bonds in cured specimens immediately after the light irradiation was calcu-
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lated by dividing the amount of radicals obtained at various exposure time (10, 20 and 40s) by the maximum
amount of radicals. The conversion of double bonds 10 minutes after light irradiation was evaluated in terms
of the increase amount of polymer radical generated by re-irradiation. The behavior of post-irradiation polym-
erization due to the storage conditions was investigated on the base of increase of conversion of double bonds.

In addition, the change in amount of diluted UDMA and TEGDMA monomer in cured specimens after 10
seconds irradiation was determined by HPLC analysis. The content of monomer or filler in flowable resin or
light-cured composite resin was investigated by TG-DTA.

The ESR spectrum of polymer radicals generated in flowable resin as well as that of light-cured composite
resin was very similar to that of PMMA polymer radicals. The radicals were generated immediately after the
light irradiation with the xenon lamp and the radical concentration increased rapidly during the light irradia-
tion. The amount of radicals reached a maximum value five minutes after the beginning of irradiation and
saturated faster than light-cured composite resin. Also, the maximum amount of radical of flowable resin was
greater than that in light-cured composite resin.

The conversion of double bonds immediately after irradiation in flowable composite resin was about 40% in
the case of 10 seconds and was lower than that in light-cured composite resin. In the case of exposure for 20 or
40 seconds, the conversion of double bonds was similar to that in light-cured composite resin. In the case of ex-
posure for 10 seconds, the conversion of double bonds ten minutes after irradiation increased to about 75% .
The conversion of double bonds increased with storage time and was 95% or more after two months. The to-
tal amount of diluted monomer in flowable resin was less than that in light-cured composite resin.

It was found that the curing characteristics such as conversion of double bonds and post-irradiation polym-
erization was analyzed easily by ESR because the radicals generated by light irradiation from the remaining
unreacted double bonds were long-lived at room temperature in air. The post-irradiation polymerization pro-
ceeds very rapidly in the initial 10-minute stage immediately after irradiation, but the conversion of double
bonds remained at virtually the same proportion after storage after two months. Thus, these results suggest
that the polymer radical serves as an index of the curing characteristics of flowable resins or light-cured .

Key words: ESR, flowable composite resin, curing characteristics, polymer radical , conversion of double bonds
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Fig. 3 Nine-line ESR spectrum of resin specimen after
light irradiation
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