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r ABSTRACT

THE EFFECT OF ADHESIVE CURING TIMING ON THE DIRECTION OF
POLYMERIZATION SHRINKAGE OF COMPOSITE RESIN

JI-Hyun Bae, Byeong-Hoon Cho, Myung-Hwan Oh*, Chang-Keun Kim**,
Ho-Hyun Son, Chung-Moon Um, Hyuk-Choon Kwon
Dept. of Conservative Dentistry, Gollege of Dentistry, Seoul National University
Vericom Co., Ltd.,* Dept. of Chemical Engineering, Chung-Ang University™

The purpose of this study was to evaluate the effect of adhesive curing timing on the direction of polymer-
ization shrinkage of light-curing composite resin. In this study, the curing times of adhesive and composite
resin were measured by differential scanning calorimeter(DSC). 28 extracted human molars were embed-
ded in clear resin and box-type cavities were prepared. Based on DSC data, the experimental teeth were
divided into 4 groups. Group 1: no bond: Group 2: late curing: Group 3: Intermediate curing: Group 4:
Early curing. After treating with adhesive, the buccal cavities were filled with Z-100 hybrid composite resin
and the lingual ones were filled with AEliteflo flowable composite resin. The depressions at the surface were
measured by surface profilometer, then the specimens were embedded in clear resin and sectioned.
Impressions were obtained and used to get epoxy resin replicas. The epoxy replicas were gold-coated and
observed under SEM. Average Maximum Gap(AMG), Gap Proportion(GP), Average Marginal Index(AMI)
were used to compare the shrinkage gap of each group. The results were statistically analyzed using the
Kruskal-Wallis One Way ANOVA, Student-Newman-Keuls method.

The results of this study were as follows.

1. Average Maximum Gap, Gap Proportion, Average Marginal Index and depression at the surface of Z-

100 hybride composite resin were smaller than those of AEliteflo flowable composite resin(P<0.05)

2. When the bonding between composite resin and tooth structure was strong, the shrinkage gap was

small, and depression at the surface was deep(P¢0.05).

3. In the well-bonded group, light-curing composite resin shrank toward bonded cavity wall, not toward

light source.

The result suggested that the direction of polymerization shrinkage was affected by the quality of bonding
in the dentin-resin interface. The strong was the bonding between composite resin and tooth structure, the
smaller was the gap and the deeper was the depression at the surface. Then the flow to compensate the
polymerization shrinkage proceeded from surface to bonded cavity wall.

Key words : Direction of polymerization shrinkage, Adhesive curing timing, Quality of bonding, Resin
replica, Average Marginal Index, Depression at the surface
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Table 1. Materials tested in this study

Materials Manufacturer Batch No.
All-Bond 2 Bisco, USA 069268
Z-100 3M Dental Procucts, USA 5095
AFliteflo Bisco, USA H-671
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Group Adhesive curing Adhesive application mode
1 No bond No adhesive
2 Late Primer + Adhesive (no Light-cure)
3 Intermediate Primer + Adhesive + Pre-bond (no Light-cure)
4 Early Primer + Adhesive (20s Light-cure)
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Fig. 1. DSC curve in the mixture of primer and acdhesive
was not light-cured.
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Fig. 3. DSC curve in the mixture of primer and adhesive
was light-cured.
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Fig. 2. DSC curve in the mixture of primer, adhesive and
pre-bond was not light-cured.

T R

Fig. 4. DSC curve in the resin was light-cured.

Table 3. Peak-times in the reaction of test materials measured with DSC (sec)

Materials & Curing methods

Peak-time(sec)

Primer + Adhesive (no Light-cure)
Primer + Adhesive + Pre-bond (no Light-cure)
Primer + Adhesive (20s Light-cure)
Resin (40s Light-cure)

o0
141.6+6.0
20.4+1.0
7.0%£0.0
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Table 4. Average Marginal Gap(AMG), Gap Proportion(GP), and Average Marginal Index(AMI), and Depression at
the surface of the composite fillings (Numbers in parentheses are standard deviation, n=7)

Mesial & Distal Floor Total Depth
AMG(#H  GP(%) AMI  AMG( GP(%) AMI  AMG( GP(%) AMI ()
group 1 11.67  49.50 6.00 32.16 8780 29.63 1867 64.10 12.52 2.14
(4.62) (13.21) (3.08) (15.16) (13.92) (17.22) (7.22) (12.68) (6.37) (0.19)
group 2 2.51 18.57 0.54 239 6166 14.77 9.71 3366 3.40 6.21

Z-100 (1.28) (10.24) (0.48)| 2(5.82) (15.82) (5.08) (2.43) (11.12) (1.70) (1.6
1.70  16.20 0.46 18.02 64.10 13.59 7.12 3365 278 5.71

group 3
(1.59) (13.48) (0.50) ! (10.92) (22.77) (11.67) (4.01) (12.69) (2.44) (0.78)
group 4 0.62 4.65 0.09° 415 1518 0.82° 1.80 786  0.21 7.41
(0.95) (8.28) (0.19) (2.59) (10.12) (0.95) (1.22) (6.42) (0.24) (0.63)
group 1 14.45 50.00 7.52 52.71 100.00  52.71 2789 68.24 19.10 6.34
(3.58) (1557 (3.74) (12.37) (0.000 (12.37) (5.26) (9.80) (4.98) (1.07)
aroup 2 6.55 20.28 2.09 50.16 85.82  44.68 2090 4468 9.52 12.95

AEliteflo 641) (1843) (2.69), (19.10) (13.09) (077D | (7.28) (10.34) (5.09) | (3.08)
318 1791  073| 4022 7531 3226 1584 39.68 688| 1069
(3.36) (17.89) (0.88)' (14.28) (23.92) (1868 ' (6.09) 17.72) (4.91) | (1.31)
063 1030 011 1242 4329  6.63 456 2189 111 1296
0.66) (9.82) (0.12) (11.34) (21.65) (6.95  (3.65) (10.20) (0.78)  (3.30)

group 3

group 4

§ © no significant difference (P0.05).
Vertical bar : groups connected by a vertical bar are not significantly different (P>0.05).
Underlines : significant differences between the AMIs of the buccal cavities and those of the lingual cavities (P0.05).
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Fig. 12. SEM photo of group4 of ABliteflo (x500).

Zt o) TN ks, & 294, A, 2 AA S YRR FHAAE SABATHP0.05).
Aol g FAH NI AABAE Table 5 7-10002 A @9 959 A, AlTe 2949
o 2. 7-10022 FHF A27el A7 (r=0.7288, 3 AAAA FAGM B2 FARIAFE BPov
p=0.0632)% A Yz BE oA AT (P(0.05), Ao AAUAAFE Adwg A vt

321



CHBIA| BHE 25} 3] Vol 26, No. 4, 2001

SITHP0.05). A22% A3TL BRI, 71308,
% AR R o)} GRT. A4T(p=0.0699) &
A9 G 2E TAN 2AYEe) A5 W A9
e PRAAA5E BGTHP(0.05).

AElitefloz 34 4% 959l Asle AL 24
Rl R e BPAAANSE BT, A4

A
° A5e ThE 2o w3 feldgA B B
42 HATHP(0.05). BE oA 2LAH|A 2|50

& FAUA e FFHAXFE RATHP0.05).
BE FAA AFHdAM e 7152 7-10022 A3 3

=3

]

B 9F0] AEliteflo® 43 AW ghgrth KA
Fig. 13. Typical surface profiometer curve. w2 FHAAAFE BHTHP(0.05) (Table 4). 13yt
AN A9 5L A 45 A 9FolA Aol
€ HolA] 43t
T 7Y AolE T YA A4 BE 9% Surface profilometer ol-&3 S AFAA W =
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Table 5. Pearson Product Moment Correlation between the AMG and AMI at the walls of each cavity.
Mesial & Distal Floor Total
r p r p r p
group 1 0.8994 0.0058 0.9935 0.0001 0.9821 0.0001
Z-100 group 2 0.8683 0.0112 0.7288 0.0632 0.8869 0.0078
group 3 0.9777 0.0001 0.9754 0.0002 0.9518 0.0010
group 4 0.8696 0.0110 0.8590 0.0133 0.9218 0.0031
group 1 0.9179 0.00355 1.0000 0.0000 0.8289 0.0212
AFliteflo group 2 0.9395 0.0017 0.9756 0.0002 0.8738 0.0101
group 3 0.8761 0.0097 0.9445 0.0014 0.9296 0.0024
group 4 0.9859 0.0001 0.9851 0.0001 0.9926 0.0001
Table 6. Average Marginal Gap(AMG) and depression at the surface of the composite fillings
Z-100 Depth(x)  M&D(w) Floor(#) ARliteflo Depth(#) M&D(») Floor ()
Group 1 2.14 11.67 32.16 Group 1 6.34 14.45 52.71
(1) (5.45) (15.03) o) (2.28) (8.31)
) § §
Group 2 6.21 2.51 23.92 Group 2 12.95 6.55 50.16
(D 0.4) (3.85) o)) (0.51) (3.87)
Group 3 5.71 1.7 18.02 Group 3 10.69 3.18 40.22
(N 0.3 (3.16) 6D 0.3) (3.76)
§ §
Group 4 741 0.62 415 Group 4 12.96 0.63 12.42
(1) (0.08) (0.56) on) (0.05) (0.96)

§ © no significant difference (P)0.05).

Vertical bar : groups connected by a vertical bar are not significantly different (P)0.05).

Underlines : significant differences between buccal cavities and lingual cavities (P€0.05).
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