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Effects of immediate and delayed light activation on

the polymerization shrinkage-strain of dual-cure resin cements
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Purpose: This study was designed to compare the amount of polymerization shrinkage of dual-cure resin cements according to different polymerization modes and to
determine the effect of light activation on the degree of polymerization. Materials and methods: Four kinds of dual-cure resin cements were investigated: Smartcem 2, Panavia
F 2.0, Clearfil SA Luting and Zirconite. Each material was tested in three different polymerization modes: self-polymerization only, immediate light polymerization and 5
minutes-delayed light polymerization. The time-dependent polymerization shrinkage-strain was evaluated for 30 minutes by Bonded-disk method at 37 C. Five recordings of
each material with three different modes were taken. Data were analyzed using one-way ANOVA and multiple comparison Scheffe test (¢=.05). Results: All materials, except
Panavia F 2.0, exhibited the highest polymerization shrinkage-strain through delayed light-activated polymerization. No significant difference between light activation modes
was found with Panavia F 2.0. All materials exhibited more than 90% of polymerization rate in the immediate or delayed light activated group within 10 minutes.
Conclusion: As a clinical implication of this study, the application of delayed light activation mode to dual-cure resin cements is advantageous in terms of degree of polymerization.
(J Korean Acad Prosthodont 2014,52:195-201)
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Table 1. Dual-cure resin cements investigated in this study
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Material LOT No. Manufacturer Composition
Smartcem 2 091010 (medium) DENTSPLY, Caulk, Urethane dimethacrylate, Di- and Tri- methacrylate resins,
090730 (light) Germany Phosphoric acid modified acylate resin, Barium boron fluoroaluminosilicate glass,
Organic peroxide initiator, Camphorquinone photoinitiator,
Phosphene oxide photoinitiator, Accelerators, Butylated hydroxyl tolune,
UV stabilizer, Titanium dioxide, Iron oxide,
Hydrophobic amorphous silicon dioxide
Panavia F 2.0 00415A (A paste) Kuraray medical inc., 10-Methacryloyloxydecyl dihydrogen phosphate,
00073B (B paste) Japan Hydrophobic aromatic dimethacrylate, Hydrophobic aliphatic dimethacrylate,
Hydrophilic aliphatic dimethacrylate, Silanated silica filler,
Silanated colloidal silica, dI-Camphorquinone, Catalysts, Initiators, Others
Clearfil SA Luting 00143B Kuraray medical inc., Bis-GMA, Triethylenglycodimethacrylate (TEGDMA),
Japan 10-Methacryloyloxydecyl dihydrogen phosphate,
Hydrophobic aromatic dimethacrylate, Hydrophobic aliphatic dimethacrylate,
Silanated barium glass filler, Silanated colloidal silica,
Surface treated sodium fluoride, dl-Camphorquinone, Benzol peroxide,
Initiator, Accelerators, Pigments
Zirconite 4157THQBARCZ BJM Lab. Ltd., Bis-GMA, Urethandimethacrylate Oligomer,
Israel Triethylenglycodimethacrylate (TEGDMA),

Methacrylated phosphoric acid esters, 4-Methacryloxyethyltrimellitic acid,
[3-(Methacryloyloxy)propyl]trimethoxysilane, Photoinitiator, Co-initiator,
Benzoyl Peroxide, Barium aluminoborosilicate glass, Fumed Silica
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Fig. 1. Representative polymerization shrinkage-strain kinetic curves of Smartcem

2 for each curing mode.
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Fig. 3. Representative polymerization shrinkage-strain kinetic curves of Clearfil
SA Luting for each curing mode.
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Fig. 2. Representative polymerization shrinkage-strain kinetic curves of Panavia

F 2.0 for each curing mode.
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Fig. 4. Representative polymerization shrinkage-strain kinetic curves of Zirconite
for each curing mode.
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Table 2. Means and standard deviations in parenthesis of the polymerization shrinkage-strain of dual-cure resin cements investigated
ol 4 Time at measurement (minutes)
Materia Mode 1 2 3 5 10 2 30
Smartcem 2 Self 2.18(0.15) 3.05 (0.08) 3.40(0.10) 3.76 (0.13) 4.11(0.16) 439(0.21) 4.52(0.24)
Immediate 3.67(0.15) 3.87(0.15) 3.97(0.16) 4.09 (0.15) 425(0.15) 4.40(0.15) 447(0.15)
Delayed 2.82(0.09) 3.54(0.08) 3.87(0.08) 4.21(0.09) 498 (0.16) 5.17(0.16) 5.24(0.16)
Panavia F 2.0 Self 0.07 (0.04) 0.40(0.10) 1.07 (0.16) 1.93(0.19) 2.61(0.15) 2.98(0.13) 3.13(0.12)
Immediate 246(0.10) 2.58(0.10) 2.64(0.10) 2.71(0.11) 2.81(0.11) 2.90(0.13) 295(0.14)
Delayed 0.55(0.24) 1.28(0.23) 1.69 (0.20) 2.32(0.27) 291(0.10) 3.02(0.11) 3.07(0.11)
Clearfil SA Luting Self 0.84(0.10) 1.77 (0.09) 2.19(0.08) 2.59 (0.06) 3.00 (0.06) 3.30(0.10) 3.44(0.12)
Immediate 3.00(0.10) 3.18(0.09) 3.26 (0.09) 3.35(0.09) 3.49 (0.08) 3.61(0.08) 3.69 (0.08)
Delayed 1.18(0.22) 1.93(0.15) 234(0.12) 2.80(0.07) 3.75(0.20) 3.92(0.21) 4.00(0.22)
Zirconite Self 2.58 (0.46) 4.12(0.23) 4.52(0.22) 4.82(0.21) 5.06 (0.20) 5.21(0.18) 5.28(0.19)
Immediate 443(0.14) 4.53(0.14) 4.59(0.13) 4.66 (0.13) 474(0.12) 4.83(0.12) 4.87(0.11)
Delayed 3.60(0.17) 429 (0.06) 4.56 (0.05) 4.85(0.09) 5.23 (0.08) 5.34(0.09) 5.39(0.09)
6 5.04¢° 5.28¢ 5.39%
=
T ° 447
Y
D c
- 4 ) s 809
= 8137  pgg 3O
£
c
S
g8 2+
5]
=
s 1
a
0 & > &
e 2 e e
g ég F £ 7 3 § g 5
Smartcem 2 Panavia F 2.0 Clearfil SA Luting Zirconite

Fig. 5. Polymerization shrinkage-strain of dual-cure resin cements investigated for different curing mode at 30 minutes. The values with the same superscript letter are not
significantly different from each other based on multiple comparison Scheffé test (P>.05).

g& HolFe
<7kl Al
Al A2k 2l e, 2
Atol %o ¥ e &
30%- 7 3} &, Zirconite7} Al 7FA] =
AEd He] £ TR FHES R
7t Zf\l B AA 53, Pnavia F 20 0] 717 e 3
g 525 BATHG13%,295%,307% A7 53 E4] 353,
2] 3353, Smartcem 22 4.52%, 447%, 524%2] 53 555
1.9 3, Clearfil SA Luting & 3.44%, 3.69%, 400%2] %3 %5
H S tiFig. 5).

o =
e _é—%hﬂ

‘L H]—H—Mﬂ/\«] == q_g/\]
3 31(5.28%, 4.87%, 5.39%; A}

—

tlo mlo

Holl hoiA Zhzke] 22l Al E

i

o
EY IS

198

& R AS g9t x}o]E B9 1}, Panavia F 2.0}
Clearfil SA LutingZ}F2] 2}7} Z&to A o] 238t

‘}F-‘?‘Tg"’] 7(]—0] hu 'TT

o7 FEL o =3, Smartcem 29} Zirconite7+Fe] A&
BTN T FHEY Aol = ol S oAt
Smartcem 2} Clearfil SA Luﬁng—- ] Jﬂr% ol A D}E' =

B, 1rcon1te/]

MWﬂMW%e%Qﬁz 58 A9
YEAA 54 FEN V14 £ E T FHEE B
B, PanviaF 209 39 09 £ 4589 210
Aol 7k At

PN
—7—7‘?1*

o] 544w
4%, Smartcem 22} Zirconite©]] /\1

Table 32 303 7 2 & 5o gk 27] 108 43
2 H|(%)E Hol FaL9lem, 27] 10% &<
OL 2= o]q_ Z]—7]— 7‘6]— H]"H']_,]

Cetx| Bt AEks|x] 523 3%, 20149 78



0l49 - ZME - SH5E - 7Y - 2ol

o

ol

Table 3. Ratio of polymerization (%) at 10 minutes to 30 minutes

Material Polymerizing mode 10 min/30 min X 100 (%)
Smartcem 2 Self 90.9
Immediate 952
delayed 95.1
Panavia F 2.0 Self 83.3
Immediate 952
delayed 94.8
Clearfil SA Luting Self 872
Immediate 94.6
delayed 93.8
Zirconite Self 95.8
Immediate 973
delayed 97.0
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