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Adhesion Durability of Next-Generation Adhesion Systems Based on New Modality
Evaluation
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A new two-step adhesive using universal adhesive technology, G2-Bond

Universal, was tested. Two conventional two-step adhesives, Clearfil SE Bond 2 and OptiBond eXTRa,
and an established universal adhesive, Scotchbond Universal Plus Adhesive, were used as comparison
materials. Twelve specimens per group were used to measure the shear bond strength (SBS) to bovine
enamel in different etching modes. The bonded specimens were stored in distilled water at 37° C for
5 min or 1, 6, 12, or 24 h before SBS testing. The KHN of the adhesive layer and resin composite was
determined after the same storage periods as for SBS testing.

All adhesives exhibited increased SBS with prolonged storage periods, irrespective of the etching
mode. The KHN of the adhesive layer and resin composite increased over time.
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Table 1 Enamel bond strengths of the adhesives over time in SE mode

5 min 1h 6h 12 h 24 h
GB 32.8 (3.3)¢ 41.3 (2.3 43.4 (2.9)48 42,0 (3.4)8 46.1 (4.1)2
[71.1%) [89.6%] [94.1%] [91.1%) [100%]
cs 25.3 (2.2)0 30.6 (1.6)6C 35.6 (2.6)t8 37.3 (3.3)p4B 40.4 (3.6)0A
[62.6%) [75.7%) (88.1%] [92.3%] [100%]
0X 23.1 (3.3p8 24.4 (2.9)8 35.9 (2.3 36.6 (3.4)04 38.5 (2.2)04
[60.0%] [63.4%) [93.2%] [95.1%) [100%]
sp 18.9 (3.1)8 20.0 (4.0)8 24.1 (2.9)A 25.0 (3.3)cA 27.1 (2.3)A
[69.7%) [73.8%] (88.9%] [92.3%] [100%]

Percentages in brackets indicate bond strength relative to 24 h strength (n = 12), mean (SD) in MPa. Same lowercase letter in columns indicates no significant
difference (p < 0.05). Same capital letter in rows indicates no significant difference (p < 0.05).

Table 2 Enamel bond strengths of the adhesives over time in ER mode

5 min 1h 6h 12h 24 h

GB 35.5 (3.0)C 41.1 (3.3)8 43.2 (4.8)8 43.7 (3.8)208 *49.3 (3.1)abA
[72.0%) (83.4%) [87.6%) (88.6%) [100%]

cs *33.1 (1.9)¢ *33.8 (3.2)C *43.3 (3.9)8 *43.4 (1.7)208 *51.3 (2.3)54
[64.5%] [65.9%) [84.4%] [84.6%) [100%]

ox *29.3 (1.3)c0 *34.6 (2.5)bcC *42.1 (2.6)%8 *46.1 (1.3)2A *46.7 (3.2)bcA
(62.7%] (74.1%) [90.1%) (98.7%) [100%]

sp *32.1 (2.7)pC *37.8 (3.7)e08 *39.8 (2.1)%8 *40.7 (3.1)bAB *44.4 (5.2)cA
[72.3%) [85.1%) [89.6%] [91.7%) [100%]

Percentages in brackets indicate bond strength relative to 24 h strength (n = 12), mean (SD) in MPa. Same lowercase letter in columns indicates no significant
difference (p < 0.05). Same capital letter in rows indicates no significant difference (p < 0.05). Asterisk indicates significant differences between SE mode and

ER mode (p < 0.05).
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Fig 3 Representative debonded failure
sites of GB (original magnifications 40X
[insets] and 1000X). a. GB in SE mode at
5 min; b. GB in ER mode at 5 min; c. GB
in SE mode at 24 h; d. GB in ER mode at
24 h. En: enamel. Arrows indicate cracks
and cleavages.

Fig 5 Representative debonded failure
sites of SP (original magnifications 40X
[insets] and 1000X).a. OX in SE mode at

5 min at magnifications of 40X and 1000X; b.
OX in ER mode at 5 min; c. OX in SE mode at
24 h; d. OX in ER mode at 24 h. En: enamel.

Arrows indicate cracks and cleavages.
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Fig 4 Representative debonded failure
sites of 0X (original magnifications 40X
[insets] and 1000X). a. OX in SE mode at
5 min; b. OX in ER mode at 5 min; c. OX
in SE mode at 24 h; d. OX in ER mode at
24 h. En: enamel. Arrows indicate cracks
and cleavages.
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Table 4 Fig 6b KHN AP-X
KHN KHN 24
KHN  100% 24 KHN  65.1%
94.8% (Fig 7b)
Table 3 Changes in the KHN of the adhesive layer over time
5 min 1h 6 h 12 h 24 h
GB 27.9 (0.5p0 29.9 (0.8)aC 32.4 (1.3)8 38.7 (1.3)@ 39.0 (1.2)pA
[71.5%) [76.7%] [83.1%)] [99.2%] [100%)
cs 17.6 (0.2)bE 19.8 (0.5)b0 22.3 (0.9)rC 23.6 (1.4)8 25.2 (0.9)bA
[69.8%] [78.6%] [88.5%)] [93.7%] [100%]
OX 0.5 (0.1)0 0.8 (0.1)0 8.1 (0.6)C 11.3 (1.2)B 13.7 (1.4)cA
[3.6%] [5.8%] [69.1%)] [82.5%] [100%]
SP 0.7 (0.1)2 1.1 (0.2)0 6.4 (0.7)9¢ 9.3 (1.2)%8 10.9 (1.3)%
[6.4%] [10.1%) [58.7%)] [85.3%]) [100%)]
Percentages in brackets indicate KHN relative to 24 h value (n = 6), mean (SD). Same lowercase letter in columns indicates no significant difference
(p = 0.05). Same capital letter in rows indicates no significant difference (p < 0.05).

Table 4 Changes in the KHN of the resin composite over time

5 min 1h 6h 12h 24h
KHN 67.9 (L.5) 80.1 (1.4) 93.9 (2.5)¢ 98.9 (1.7) 104.3 (2.0)a
[65.1%] [76.8%] [90.0%] [94.8%] [100%]

Percentages in brackets indicate KHN values relative to values at 24 h (n = 6), mean (SD). Same lower case letter indicates no difference (p < 0.05).
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