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Table 1 Materials used in the study

Code Adhesive Main components Manufacturer
(Lot No.)
SU Scotchbond Universal MDP, HEMA, 3M Oral Care
(412506) dimethacrylate resins, Vitrebond copolymer, St. Paul, MN, USA
filler, ethanol, water, initiators, silane
AB All-Bond Universal MDP, bis-GMA, Bisco Inc.
(1300008503) HEMA, ethanol, water, initiators Schaumburg, IL USA
AU Adhese Universal MDP, bis-GMA, HEMA, MCAP, Ivoclar Vivadent
(U49302) D3MA., ethanol, water, initiators, Schaan, Lichtenstein
stabilisers, silicon dioxide
GP G-Premio Bond MDP, 4-MET, MEPS, BHT, acetone, GC Corp.
(4G0011) dimethacrylate resins, initiators, water Tokyo, Japan
CU Clearfil Universal bis-GMA, ethanol HEMA, MDP, Kuraray Noritake Dental Inc.
Bond Quick hydrophilic amide monomer, Tokyo, Japan
(3E0007) colloidal silica, silane coupling agent,
sodium fluoride, CQ, water
Etching agent 35% phosphoric acid Uliradent Products Inc.
Ulira-Etch South Jordan, UT, USA
(GO17)
Resin compaosite bis-GMA, TEGDMA, Kuraray Noritake Dental Inc.
Clearfil AP-X silane barium glass filler,
{N416713) silane silica filler, silanated colloidal silica,

CQ, pigments, others

MDP: 10-methacrylovloxydecyl dihydrogen phosphate, HEMA: 2-hydroxyethyl methacrylate,
bis-GMA: 2,2-bis [4-(2-hydroxy-3-methacryloyloxypropoxy) phenyl] propane, MCAP: methacrylated carboxylic acid

polymer, D3MA: decandiol dimethacrylate, 4-MET: 4-methacryloxyethyl trimellitate,

MEPS: methacryloyloxyalkyl thiophosphate methylmethacrylate, BHT: butylated hydroxytelucne,
CQ): di-camphorquinone, TEGDMA: triethyleneglycol dimethacrylate



Table 2 Application protocol for pre-etching andself-etching adhesives

Method

Pre-etching protocol

Etch & rinse (ER)

Self-etch (SE)

Ename] surface was conditioned with phosphoric acid for 15 s.
Conditioned surface was rinsed with water for 15 s and air-dried.

Phosphoric acid pre-ctching was not performed.

Code

Application method

Adhesive application protocol

Active

Inactive

Adhesive applied to air-dried ename] surface with rubbing action for 20 s,
followed by application of medium air pressure for 5 s. Light irradiated for 10s.

Adhesive applied to air-dried ename] surface without rubbing action for 20 s,
followed by application of medium air pressure for 5 s. Light irradiated for 10s.

Active

Adhesive applied to enamel surface with rubbing action for 10-15 s per coat.
No light cure between coats. Gentle stream of air applied over the liquid for at
least 10 s. Light irradiated for 10s.

Adhesive applied to enamel surface without rubbing action for 10-15 s per coat.
No light cure between coats. Gentle stream of air applied over the liquid for at
least 10 s. Light irradiated for 10s.

AU

Active

Adhesive applied to the air-dried enamel surface with mbbing action for 20 s,
followed by application of medium air pressure for 5 s.
Light imadiated for 10s.

Adhesive applied to the air-dried enamel surface withoutubbing action for 20 s,
followed by application of medium air pressure for 5 s. Light irradiated for 10s.

Active

Adhesive applied to air-dried ename] surface with rubbing action for 10's,
followed by application of a strong stream of air for 5 s or until the adhesive no
longer moved and the solvent had completely evaporated. Light iradiated for 10 s.

Adhesive applied to air-dried ename] surface without rubbing action for 10 s,
followed by application of a strong stream of air for 5 s or until the adhesive no
longer moved and the solvent had completely evaporated. Light iradiated for 10 s.

Active

Adhesive applied to air-dried ename] surface with rubbing action for 10's,
followed by application of a mild stream of air for 5 s or until the adhesive no
longer moved and the solvent had completely evaporated. Light iradiated for 10 s.

Adhesive applied to air-dried ename] surface without rubbing action for 10 s,
followed by application of a mild stream of air for 5 s or until the adhesive no
longer moved and the solvent had completely evaporated. Light iradiated for 10 s.




Table 3 Surface free energy and their component values of tested liquids

Liquid Lot No. Manufacturer T i TP Tt
1-bromonaphthalene ~ ALH4513 Wako Pure 446 444 02 00
Chemical Industries
Diiodomethane ALL2310 Wako Pure 508 468 40 0.0
Chemical Industries
Distilled water — — 72.8 29.1 1.3 124
Unit: mN - m!

¥.: surface free enerpy, ¥.%: dispersion force, ¥ P: polarity force, ¥ - hydrogen-bonding force

Table 4 Influence of application condition on enamel bond strength

Etch & rinse mode Self-etch mode
Active Inactive Active Inactive
SuU 389 (2.7 42.6 (1.6 28.9 (2.0y° 283 (2.3y€
AB 396 (2.1)"® 429 (2.8y* 299 (2.77¢ 26.5 (2.0¥°
AU 393 (1.1)*® 41.6 (1.6y>2 28.1 (2.8y¢ 27.7 (1.8y¢
GP 379 (134 38.7 (254 28.5 (2.9y® 28.6 (2.1y®
Cu 41.7 (1.7~ 435 (3.7~ 29.1 (438 28.0 (2.5y8

Unit: MPa, n = 10, values in parentheses indicate standard deviations.
Same lower-case letter in vertical columns indicates no difference at 5% significance level.
Same capital letter in horizontal columns indicates no difference at 5% significance level.



Table 5 Failure mode analysis of de-bonded specimens

Etch & rinse mode Self-etch mode
Active Inactive Active Inactive
SuU [90/0/0/10] [90/0/0/10] [100/0/0/0] [100/0/0/0]
AB [90/0/0/10] [80/0/0/20] [100/0/0/0] [100/0/0/0]
AU [90/0/0/10] [90/0/0/10] [100/0/0/0] [100/0/0/0]
GP [100/0/0/0] [100/0/0/0] [100/0/0/0] [100/0/0/0]
CU [90/0/0/10] [80/0/0/20] [100/0/0/0] [100/0/0/0]

n=10

Failure mode: [adhesive failure/cohesive failure in resin composite/cohesive failure in enamel/mixed failure] percentage of

each failure mode.



Table 6 Effect of application condition on surface free energy

h

Application condition Ys s ¥l Ys
Baseline (Initial) 59.5(1.8)k 41.6(0.27 3.1(020 14.8 (2.8)
Baseline (Pre-ctch) 78.7 (2.6 41.8(0.27 9.4 (1.3 275227
SU Etch & rinse (Active) 60.7 (3.0)% 41.6(0.27 10.6 (1.47 8.5(2.8F
SU Etch & rinse (lactive) 75.5 (4.07 41.7(0.27 10.5 (1.47 233370
SU Self-etch (Active) 60.2 (2.5)k 41.6(0.3) 8.9 (1.6 9.7(1.9F
SU Self-etch (Inactive) 67.2 3.0)* 41.6(0.3) 92(1.8® 16.4 (2.4)
AB Etch & rinse (Active) 59.9(4.1)k 41.8(0.3) 92(1.6* 8.9(3.8¢
AB FEtch & rinse (Inactive) 67.6 (3.2)* 41.5(0.57 10.8 (1.5 153 (2.8)
AB Self-etch (Active) 56.6 (2.8)°f 41.7(0.3)7 5.8(1.5)F 8.5 (2.4F
AB Self-etch (lactive) 64.0 (3.4)b1 41.6(0.3) 8.2(1.5p 13.8 (3.0)*
AU Etch & rinse (Active) 65.4 3.0)* 41.6(0.27 10.7 (1.47 12.1(2.8¢
AU Etch & rinse (Inactive) 76.5 (3.5 41.6(0.27 10.8 (1.4 24.1 3.2
AU Self-etch (Active) 63.4 (3.8)1 41.6(0.3) 9.5 (1.4 123 (2.5)%
AU Self-etch (Inactive) 68.9 (3.0) 41.8(0.27 92(1.3 17.9 (2.7
GP Efch & rinse (Active) 52.2(1.8)% 41.5(0.57 10.3 (0.5 1.6 (0.3)f
GP Efch & rinse (Inactive) 55.8 (2.2)f 41.7(0.27 10.7 (1.47 3.4(0.7f
GP Selfctch (Active) 52.8(1.8)% 41.7(0.27 9.7 (0.2y® 1.4 (0.5
GP Self-ctch (Inactive) 53.8(1.9) 41.5(0.27 10.4 (1.47 1.9(0.5)
CU Etch & rinse (Active) 478 (230 41.0(1.67 7.0 (3.7 0.1(0.1)8
CU Etch & rinse (Inactive) 493 (1.5)h 42.3(0.57 62 (0.6) 0.3(0.2%
CU Self-ctch (Active) 45.0(1.60 42.5(0.67 32(0.501 0.3(0.5%
CU Self-ctch (nactive) 46.8 (1.6 41.7¢0.77 4.6(1.00 0.7(0.1)8

Unit: mN - m, n = 10, values in parentheses indicate standard deviations.
¥s: total free energy, ys?; dispersion force, ygP; polar force, ys; hydrogen-bonding force

Same letter in a column indicates no significant difference.



Fig. 1. Representative scanming electron microscopy images of initial and treated enamel surfaces. (a) Surface pre-
ctched using phosphoric acid for 15 s (bascline sample) (5,000 magnification). (b) Surface ground with #400 8iC
paper (baseline sample) (X 5,000 magnification).
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Fig. 2. Represcntative scanning electron microscopy images of enamel surfaces treated with AB. (a) Etch & rinse
mode with active application (X 5,000 magnification). (b) Etch & rinse mode with inactive application (5,000
magnification). (c) Self-etch mode with active application (X5,000 magnification). (d) Sclf-ctch mode with inactive
application (X 5,000 magnification). Arrows indicate the dissolved smear layer (c, d).
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Fig. 3. Representative scanmning electron microscopy images of enamel surfaces treated with GP. (a) Etch & rinse
mode with active application (X5,000 magnification). (b) Etch & rinse mode with inactive application (x5,000
magnification). {c) Self-etch mode with active application (X5,000 magnification). (d) Self-ctch mode with
inactive application (X5,000 magnification).
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Fig. 4. Representative scanming electron microscopy images of the resin-enamel interfaces for AB (A) Etch & rinse
mode with active application [(a): X5,000 magnification and (b): X20,000 magnification]. (B) Etch & rinsc mode
with inactive application [(a): X 5,000 magnification and (b): 20,000 magnification]. (C) Self-ctch mode with
active application [(a): X 5,000 magnification and (b): 20,000 magnification]. (D) Self-ctch mode with inactive
application [(a): X 5,000 magnification and (b ): X 20,000 magnification ]|. Ammows indicate the smear layer.
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Fig. 5. Represcntative scanming electron microscopy images of the resin-enamel imterfaces for AU. (A) Etch &
rinse mode with active application [(a): X 5,000 magnification and (b): X20,000 magnification]. (B) Etch & rinse
mode with inactive application [(a): X 5,000 magnification and (b): X20,000 magnification]. (C) Self-ctch mode
with active application [(a): X5,000 magnification and (b): X20,000 magnification]. (D) Self-ectch mode with
inactive application [(a): X5,000 magnification and (b): x20,000 magnification]. Amows indicate the smear layer.



