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Table 1: Materials used in this study

Adhesive Code .
(Lot No.) (pH) Main components Manufacturer
Adhese Bis-GMA, HEMA, MDP, MCAP, Decandiol Ivoclar
. AU . . Vivadent,
Universal 2.5) dimethacrylate, Dimethacrylate, Ethanol, Water, Schaan
(164453) ) Initiators, Stabilizers, Silicon dioxide . ’
Lichtenstein
All Bond AB Bisco,
Universal (3.2) Bis-GMA, HEMA, MDP, Ethanol, Water, Initiators Schaumburg,
(1300008503) ‘ IL, USA
Clearfil Bis-GMA, HEMA, MDP, Hydrophilic amide Kuraray
Universal Cu . - . Noritake
. monomer, Ethanol, Water, Initiators, Silica, Silane
Bond Quick | (2.3) coupling agent Dental, Tokyo,
(11.0003) pling ag Japan
G-Premio | MDP, 4-MET, MEPS, Methacrylate monomer, GC, Tokyo,
Bond (1.5) Acetone, Water, Initiators, Silica Japan
(1603091) ‘ ’ ’ ’
Bis-GMA, HEMA, MDP, Decamethylene
ScotchbondU dimethacrylate, Ethyl methacryalate, Propenoic acid,
. . ) . . 3M Oral Care,
niversal SU Copolymer of acrylic and itaconic acid, St. Paul. MN
Adhesive (2.7) Dimethylaminobenzoate, Methyl ethyl ketone, ) US;% ’
(617265) Ethanol, Water, Silane treated silica, Initiators,

Silane

Bis-GMA: bisphenol A glycidyl methacrylate, HEMA: 2-hydroxyethyl methacrylate, MDP:
10-methacryloyloxydecyl di-hydrogen phosphate, MCAP: methacrylated carboxylic acid
polymer, 4-MET: 4-methacryloyloxyethyl trimellitate, MEPS: methacryloyloxyalkyl
thiophosphate methylmethacrylate
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Table 2: Application protocol for universal adhesives

Adhesive

Adhesive application protocol

AU

Adhesive applied to air-dried enamel surface with rubbing motion
for 20 sec and then medium air pressure applied to surface for 5
sec. Adhesive photo-cured for 10 sec.

Adhesive applied to air-dried enamel surface with a

rubbing motion for 10-15 sec and then medium air

pressure applied to surface for 10 sec. Adhesive photo-cured for 10
sec.

CuU

Adhesive applied to air-dried enamel surface with a rubbing
motion and then medium air pressure applied to surface for 5 sec.
No waiting time is required. Adhesive photo-cured for 10 sec.

GP

Adhesive applied to air-dried enamel surface for 10 sec and then
maximum air pressure applied to surface for 5 sec. Adhesive can
provide sufficient bonding strength even when dried immediately
after application without waiting time. Adhesive photo-cured for 10
sec.

SU

Adhesive applied to air-dried enamel surface with rubbing motion
for 20 sec and then medium air pressure applied to surface for 5
sec. Adhesive photo-cured for 10 sec.

Table 3: Effect of reduced application times on
initial shear bond strength of universal adhesives

Adhesive 0 sec 10 sec 20 sec
AU 20.4 (3.0)** | 21.8 (3.0y** | 26.2 (2.9)*"
AB 19.1 (2.8)** | 20.9 (3.1)** | 24.9 (2.9)*"
CU 25.6 (3.1)* | 26.1 (3.2)** | 26.5 (2.8)**
GP 25.5(3.2)* | 25.9 (3.6)** | 26.1 (2.4)**
SU 20.9 3.7)** | 21.2 (4.0)** | 27.2 (2.5)*®

> ().05).

Unit: MPa. Values in parentheses are standard
deviations. Same superscript lower case letter in
same column indicates no significant difference (p >
0.05). Same superscript capital letter within
individual rows indicates no significant difference (p
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Table 4: Effect of reduced application times on
shear fatigue strength of universal adhesives

Adhesive 0 sec 10 sec 20 sec
AU 9.7 (1.6)** | 10.3 (1.8)** | 13.2 (2.9)*
AB 9.1 (1.2)** | 11.1 (1.4)** | 12.9 (2.0)*®
CU 12.6 (2.0)°* | 13.2 (1.6)** | 13.6 (2.8)**
GP 12.5 2.0 | 13.7 2.0)>* | 13.8 (2.4)**
SU 102 (2.4 | 11.0 (1.8)** | 13.9 (3.5)*"

Unit: MPa. Values in parentheses are standard
deviations. Same superscript lower case letter in same
column indicates no significant difference (p > 0.05).
Same superscript capital letter within individual rows
indicates no significant difference (p > 0.05).
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Table 5: Failure mode analysis of debonded specimens after initial
shear bond strength and shear fatigue strength testing

Adhesive

Condition

Initial shear bond

Shear fatigue strength

strength
0 sec [100/0/0/0] [100/0/0/0]
AU 10 sec [100/0/0/0] [100/0/0/0]
20 sec [86/0/7/7] [100/0/0/0]
0 sec [100/0/0/0] [100/0/0/0]
AB 10 sec [100/0/0/0] [100/0/0/0]
20 sec [100/0/0/0] [100/0/0/0]
0 sec [100/0/0/0] [100/0/0/0]
CU 10 sec [93/0/7/0] [100/0/0/0]
20 sec [86/0/14/0] [100/0/0/0]
0 sec [93/0/7/0] [100/0/0/0]
GP 10 sec [100/0/0/0] [100/0/0/0]
20 sec [86/0/7/7] [100/0/0/0]
0 sec [100/0/0/0] [100/0/0/0]
SU 10 sec [100/0/0/0] [100/0/0/0]
20 sec [67/0/13/20] [100/0/0/0]

Percentage of failure mode [adhesive failure/ cohesive failure in
composite/ cohesive failure in enamel/ mixed failure].
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Table 6: Effect of reduced application times on
surface roughness (Ra) of enamel surfaces

Adhesive 0 sec 10 sec 20 sec
AU 102 (1. | 12.9 2.6)** | 18.3 (3.4)*"
AB 10.4 (1.0)** | 12.5 2.3)* | 17.1 (3.0)*®
CU 16.5 (3.9 | 16.8 (1.1)** | 15.3 (2.8)™*
GP 21.1 2.2 | 21.1 3.4)°* | 19.6 3.6)*"
SU 13.0 (1.8)** | 13.6 (3.2)** | 21.2 (4.3)*8

Unit: nm. Values in parentheses are standard
deviations. Same superscript lower case letter in
same column indicates no significant difference (p >
0.05). Same superscript capital letter within
individual rows indicates no significant difference (p

> 0.05).
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AU 0 sec AU 10 sec AU 20 sec

0.23 um
0.00 pm

AB 0 sec AB 10 sec AB 20 sec

0.14 pm
0.00 pm

0.13um

0.15 ym
0.00 ym

000 pm

cU 0 sec CU 10 sec CU 20 sec

GP 20 sec

SU 0 sec SU 10 sec SU 20 sec

Fig. 1: False color three-dimensional topographic images (30 x 30 um) of universal adhesive—treated enamel

surfaces obtained by constant force atomic force microscopy.
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