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Table 1 Single-step adhesives used in this study

Adhesi C it
(Lotelfll(\)]j Main component (iip;j)e Manufacturer
BeautiBond Multi 4-MET, 6MHPACc, bis-GMA, Beautifil II Shof
ofu
(121101) TEGDMA, acetone, water, initiator (041252)

4-MET : 4-methacryloyloxyethyl trimellitate, 6MHPAc : 6-methacryloyloxyhexyl phosphonoacetate, bis-GMA :
2,2-bis [4- (2-hydroxy-3-methacryloyloxypropoxy) phenyl] propane, TEGDMA : triethyleneglycol dimethacrylate

Heat controller Air hole

LED

Main unit

-Curing tip

(a) (b)
Fig. 1 Laruna X (a) and curing tip (b)

Table 2 Surface free energy and their components values of test liquids

Liquid Lot No. Manufacturer T oD T VO o
Wako P
1-Bromonaphthalene  ALH4513 AROTWE 35 435 00 00 00
Chemical Industries
Wako P
Ethylene glycol KWF0703 AROTWE 479 290 189 19 407
Chemical Industries
Distilled water - — 728 218 510 255 255

Unit : mN - m ™!
y,  surface free energy, ¥,V : Lifshitz-van der Waals force, y.*P : Lewis acid-base inter-
action, y. " 1 Lewis acid, 7~ : Lewis base

Dispenser

<— Dispenser

Droplet of test liquid

CCD camera

Adapter

(a) (b)

Fig. 2 Drop Matser DM 500 apparatus fitted with a charge-coupled device camera (a)
allowing automatic measurements of the contact angles to be made (b)
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Table 3 Surface free energies and their parameters of cured adhesive surface

LW

AB + -

Air-drying Vs Vs Vs Vs Vs
Control 417 (0.7) ] 417 (07) 71 00 (oo):] 0.0 (oo):] 304 (23)
Warm 427 (0.7) < 427 (07) 2 00 (00) J 00 (0.0) - 198 (2.2)

Unit : mN - m !, values in parenthesis indicate standard deviations (n=5).

Values connected by vertical lines indicate no significant difference (p>0.05).

ys ¢ surface free energy, ys"" : Lifshitz-van der Waals force, ys*® : Lewis

acid-base interaction, ys : Lewis acid, ys~ : Lewis base
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Table 4 Enamel bond strength of single-step self-etch

adhesives

Warm air-drying time of adhesive (sec)

Control

5 10 20
174 (14)* 182 (19* 181 (14)* 179 (13)*
[9/1/0] [10/0/0] [10/0/0] [10/0/0]

Values with the same superscript letters in each adhe-
sive system indicate no significant defference (p>0.05).
Failure mode [adhesive failure/cohesive failure in
resin/cohesive failure in enamel]

Unit : MPa, values in parenthesis indicate standard
deviations (n=10).
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P |
NU7509 10KV Sum x5.000 2014/06/08

5s warm air

J
NU7467 10 kV  Sum x5.000 2014/06/08

20 s warm air

Fig. 3 Representative SEM images of resin-enamel interface (C : resin composite,

A : adhesive, E : enamel)
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Influence of Warm Air-drying on Enamel Bond Strength
and Surface Free Energy of Self-etch Adhesives
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Abstract

Purpose: The purpose of this study was to examine the effect of warm air-drying on the surface free
energy and enamel bond strength of a HEMA-free single-step self-etch adhesive.

Methods: As the HEMA-free self-etch adhesive system, BeautiBond Multi (Shofu) was employed. Bovine
mandibular incisors were mounted in self-curing resin, and wet-ground with #600-grid SiC paper to expose
the labial enamel. Adhesive was applied according to the manufacturer’s instruction, followed by drying in a
stream of warm air for 5s at 37°C. Normal air-drying at 23°C served as a control. After light irradiation of
the adhesive, the surface free energy was determined by measuring the contact angle of three test liquids
placed on the cured adhesive. For the determination of enamel bond strength, the adhesive-applied surfaces
were dried in a stream of warm air for 5, 10, and 15 s at 37°C, and normal air-drying at 23°C served as a con-
trol. Resin composites were condensed into a mold (¢4 X2 mm) and polymerized. Ten samples per test group
were stored in distilled water at 37°C for 24h, and then shear-tested at a crosshead speed of 1.0 mm/min.

Results: For all surfaces, the value of the estimated surface-energy component ys*" was relatively con-
stant within the range of 41.7-427 mN + m~ % The enamel bond strengths varied according to the air-drying
time, and ranged from 17.4-18.2 MPa. Maximum bond strengths were achieved at air-drying times of 5 s. No
significant differences in bond strength were observed with different air-drying times.

Conclusion: These data suggested that warm air-drying was not effective for increasing the enamel bond
strength of the HEMA-free self-etch adhesive, although the Lewis base component decreased with warm air-
drying.
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