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1.
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Type 5500R Instron 1.0 mm

10

GIC

4. LSM

GIC LSM VK-9710

5. SEM

tert-

Model ID-3

Quick Coater Type SC-201

SEM ERA-8800 FE 10 kV

6.

Tukey HSD Test 5 %



 9 

GIC Table 3

GP Control 39.6 mN·m-1 43.3

~45.5 mN·m-1 EM FL Control

49.1~49.2 mN·m-1 42.6~44.5 mN·m-1

38.2~42.0 mN·m-1

GP Control 4.7~5.1 

mN·m-1 EM FL Control 7.1~8.4 mN·m-1

3.6~4.0 mN·m-1

GP Lewis Lewis

Control 52.8 mN·m-1 60.1~65.0 mN·m-1

EM FL Lewis Control

1.0~1.1 mN·m-1 0.1 mN·m-1

Lewis Control 12.7~16.0 mN·m-1 39.5~

56.7 mN·m-1

GIC

Table 4 GP
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8.5~8.8 MPa Control 4.7 MPa

EM
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Table 1 Materials tested

Materials
(Manufacturer)

Main componentsLot No.

Gel Etchant
(sds Kerr)

35% phosphric acid3676600

G-Bond Plus
(GC Corp.)

4-MET, UDMA, TEGDMA, water
acetone, phosphoric acid monomer,
silanated colloidal silica, initiator

0910051

Clearfil AP-X
(Kuraray

Noritake Dental)
00987A

Glass ionmer cement

Materials
(Manufacturer)

Lot No. P/L(P)ratio Main component

Fuji IX GP
(GC Corp.)

P: 1009021
L: 1110201

3.6g/1.0g P: aluminosilicate glass
L: polyacrylic acid, water

Fuji II LC EM
(GC Corp.)

P: 1010261
L: 1102241

3.0g/1.0g P: aluminosilicate glass
L: HEMA, polyacrylic acid,
water, initiator

Fuji Fill LC Flow
(GC Corp.)

A: 1106081
B: 1106081

3.3g/1.0g Paste A: aluminosilicate glass, 
HEMA, UDMA, initiator, pigment
Paste B: polyacrylic acid, 
distilled water, UDMA, filler, initiator

HEMA; 2-hydroyethyl methacrylate, UDMA; di(methacryloxyethyl)trimethylhexamethylene diurethane,
4-MET; 4-methacryloxyethyl trimellitate, TEGDMA; triethylene glycol dimethacrylate,
Bis-GMA; 2,2bis[4-(2-hydroxy-3-methacryloyloxypropoxy)phenyl]propane.

Pretreatment agents, single-step self-etch adhesive and resin composite

Bis-GMA, TEGDMA, silanete silica,
Silaneted barium glass, pigments,
dl-camphorquinone



Table 2 Surface free energies and parameters of test liquids (mN·m-1)

Liquid

1-bromonaphthalene

Ethylene glycol

Water

L

43.5

47.9

72.8

L
LW

43.5

29.0

21.8

L
AB

0.0

18.9

51.0

L
+

0.0

1.9

25.5

L
-

0.0

47.0

25.5

L; surface free energy, L
LW; Lifshitz-Van der Waals force, L

AB; Lewis acid/base interaction,
L

+; Lewis acid, L
-; Lewis base.

Table 3   Influence of surface treatment of GICs on surface free energies (mN·m-1)

Cement

GP

EM

FL

Surface treatment

Control
#600
PE
AB

Control
#600
PE
AB

Control
#600
PE
AB

S

39.6 (0.7)
43.3 (0.4)
45.1 (0.9)
45.5 (1.2)

49.2 (1.3)
44.5 (0.8)
44.1 (0.9)
44.0 (1.1)

49.1 (0.7)
42.8 (0.4)
42.6 (1.8)
43.6 (1.3)

S
LW

39.6 (0.7)
38.2 (0.4)
40.4 (0.5)
40.6 (0.3)

40.8 (0.9)
40.5 (0.6)
40.5 (0.6)
40.2 (0.3)

42.0 (0.5)
38.8 (0.7)
38.8 (0.7)
39.9 (0.4)

S
AB

0.0 (0.0)
5.1 (0.5)
4.7 (0.1)
4.9 (0.2)

8.4 (0.9)
4.0 (0.1)
3.6 (0.1)
3.8 (0.1)

7.1 (0.5)
4.0 (2.1)
3.7 (0.1)
3.7 (0.1)

S
+

0.0 (0.0)
0.1 (0.3)
0.1 (0.1)
0.1 (0.1)

1.1 (0.2)
0.1 (0.1)
0.1 (0.1)
0.1 (0.1)

1.0 (0.1)
0.1 (0.2)
0.1 (0.1)
0.1 (0.1)

S
-

52.8 (0.8)
65.0 (1.3)
60.1 (0.8)
60.5 (0.4)

16.0 (0.9)
40.3 (2.0)
52.3 (1.8)
56.7 (0.4)

12.7 (1.0)
39.5 (1.3)
54.5 (3.4)
55.0 (1.3)

n = 5, values in parenthesis indicate standard deviations.  
#600; ground with #600 SiC paper, PE; phosphoric acid etching, AB; airborne particle abrasion.

S; surface free energy, S
LW; Lifshitz-Van der Waals force, S

AB; Lewis acid/base interaction,
S

+; Lewis acid, S
-; Lewis base.

Lot no.

ALH4513

KWF0703

Manufacture

Wako Pure
Chemical Industries

Wako Pure
Chemical Industries



Cement

GP
[fracture mode]

EM
[fracture mode]

FL
[fracture mode]

Control

4.7 (0.6)a

[3/0/7]

20.5 (2.7)c

[3/0/7]

14.2 (2.6)e

[2/0/8]

AB

8.5 (1.0)b

[0/0/10]

15.8 (2.7)d

[3/0/7]

11.6 (2.7)f

[4/0/6]

Table 4   Influence of surface treatment of GICs on bond strength (MPa) to resin
composite

n = 10, values in parenthesis indicate standard deviations.                                                   
#600; ground with #600 SiC paper, PE; phosphoric acid etching, AB; air abrasion.
[failure mode] ; [adhesive failure/cohesive failure in resin/cohesive failure in glass ionomer]

#600

8.8 (1.7)b

[0/0/10]

13.6 (2.3)d

[4/0/6]

11.0 (3.2)f

[4/0/6]

PE

8.8 (1.7)b

[0/0/10]

14.7 (1.8)d

[4/0/6]

10.3 (2.9)f

[3/0/7]



Fig. 1 Drop Master DM500 apparatus fitted with a charge-coupled device camera (a)
          allowing automatic measurements of the contact angles to be made (b).
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(b)

L R



SEM image3D graphic image

Control
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Fig. 2 Representative three-dimensional laser scanning and scanning electron microscopy 
images of GP surface after the treatments.
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Control

#600

PE

AB

Fig. 3 Representative three-dimensional laser scanning and scanning electron microscopy 
images of EM surface after the treatments.
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Fig. 4 Representative three-dimensional laser scanning and scanning electron microscopy 
images of FL surface after the treatments.


