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Table 1. Materials used in this study

Products Code Filler content Batch no. Manufacturers
Orthodontic bonding resins
*  System 1+ ™ ST 41 wtiwt% #740-0107 Ormeo Co., USA.
*+ Unite'™ uT 66 wt/wt% 040391 Unitek/3M., USA
Porcelains
+  Ceramco gingival 62 CR #1289 Ceramco inc., USA
++ Vita VMK 68 VT #1450 H. Rauter GmbH., WG
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porcelain.
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Shear bond strength (kgf/cm? )

Table 2. Shear bond strengths of adhesive resins to porcelains roughened by various sandpapers.

Shear bondzstrength ANOVA output
Resin Porcelain Sandpaper atlem ) o 4
number Mean Staf\da.xrd F p
deviation
320 18.9 11.0
600 17.1 g.5
CR 800 14.5 9.3 0.52 0.719
1000 12.3 8.0
ST 1200 11.8 9.0
320 15.0 2.8
600 10.3 5.1
vT 800 9.5 3.7 0.76 0.561
1000 10.2 3.1
1200 10.6 10.2
320 32.4 21.3
600 30.5 171
CR 800 19.9 4.6 2.38 0.079
1000 149 35
1200 12.8 71
uT
320 233 | 11.2
600 10.5 6.2
VT 800 9.4 1.9 3.68 0.017*
1000 10.4 5.4
1200 9.7 6.6

Vertical lines stand for group in the similar range determined by Duncan’s multiple range tests.

*, significant at the level of p < 0.05.
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Fig. 2. Bar diagram of the shear bond strengths
of the adhesive resins to porcelain roug-—
hened by various sandpapers.
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Table 3. Results of the three way ANOVA and Duncan's multiple range tests for the variables of adhesive

resins, porcelains and roughness by sandpapering,

Resin x Porcelain

1 2.3% 0.128
Porcelain x Roughness

4 1.18 0.337
Resin x Roughness

4 1.18 0.331
Resin x Porcelain x Roughness

4 0.29 0.883

Variables DF (n-1) F value [} Duncan’s Multipte Range Test
Resin 1 5.67 0.019* UT (17.42) ST {13.04)
Porcelain 1 12.95 0.000* CR (18.54) VT (11.92)

600 800 100 120
Roughness 4 5.06 0.000* # # #1000 #1200

(22.44) (17.13) (13.36) {(12.00) (11.23}

Horizontal lines stand for groups in the similar range determined by Duncan’s multiple range tests.

Digits in parenthesis are the mean shear bond strengths of each group.

*

; significant at the level of p < 0.05.
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Table 4. Bond strengths of adhesive resins to porcelain surfaces etched with 3% hydrofluoric acid for the

various time

Shear bond strength ANOVA otuput
, , Etching {kgf/cm?) (DF = 4)
Resin Porcelain time
( min.) Mean Star?de.;rd F p
deviation
1 101.9 26.2
3 131.2 6.6
CR 5 104.7 28.2 1.56 0.215
7 125.7 34.7
9 138.2 38.2
ST
1 945 21.0
3 98.8 22.2
VT 5 102.9 42.8 0.16 0.956
7 90.8 27.8
9 104.2 37.6
1 105.0 329
3 117.0 23.5
CR 5 106.6 40.7 1.73 0.175
7 121.7 38.1
uT 9 155.3 35.4
1 74.3 17.9
3 115.6 33.9
VT 5 113.0 25.5 1.16 0.354
7 92.6 42.3
9 875 52.2

Vertical lines stand for groups in the similar range determined by Duncan's multiple range tests.
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Fig. 3. Bar diagram of the shear bond strengths of the adhesive resins to porcelain etched with
3% HF acid solution for various times.
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Fig. 4. Scanning clectron microphotographs of the CR porcelain surfaces etched by 3% HF
solution for various times A: glazed porcelain surface B: for 1 minute. C: for 3 minutes.
D: for 5 minutes. Fk: for 7 minutes. F: for 9 minutes. Original magnification x 600.
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Fig. 5. Scanning electron microphotographs of VT porcelain surfaces etched by 3% HF solution
for various times. A: glazed porcelain surface B: for | minute. C: for 3 minutes. D: for
5 minutes. E: for 7 minutes. F: for 9 minutes. Original magnification x 300.
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Table 5. Results of the three way ANOVA and Duncan’s multiple range tests for the variables of adhesive

resins, porcelains, and etching times.

Variables DF (n-1} £ value p Duncan’s Muitiple Renge Test
Resin 1 0.00 0.949
Porcelain 1 12.46 0.000" CR (120.72) VT (97.43)
Time 4 1.97 0.105
Resin x Porcelain
1 0.03 0.853
Porcelain x Time
4 1.78 0.138
Resin x Time
4 0.13 0.872
Resin x Porcelain x Time
4 0.78 0.540

Horizonta! lines stand for groups in the similar range determined by Duncan’s multiple range tests.

Digits in parenthesis are the mean shear bond strengths of each group.

*, significant at the level of p < 0.08.
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Table 6. Bond strengths of the adhesive resins to porcelain surfaces treated with silane at various temperatures

Shear bondzstrength ANOVA output
(kgf/cm®) (DF = 3)
Resin Porcelain Temgerature :
{C) Standard
Mean . F P
deviation
RT 24.2 8.4
CR 50 26.2 22.4 0.68 0.577
70 18.2 10.2
ST 90 15.2 9.8
RT 25.1 14.6
VT 50 20.4 10.3 2.99 0.055
70 16.3 45
Q0 7.6 5.4
RT 18.7 } 6.1
CR 50 34.8 21.6 3.27 0.04*
70 27.3 9.9
uT 90 10.2 9.6
RT 26.2 17.6
VT 50 19.4 8.0 1.39 0.275
70 236 15.7
90 8.7 10.6

RT: Room temperature (approximately 27°c)
Vertical lines stand for grouping in the similar ranges determined by Duncan’s multipie range tests.
* 3 significant at the level of p < 0.05.
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ST-VT
UT-CR
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Silane dry temperature

Fig. 6. Bar diagram of the shear bond strengths of the adhesive resins to porcelains treated with
silane at various temperatures.
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Tabla 7. Results of the three way ANOVA and Duncan’s multiple range tests for the variables of adhesive resin,
porcelain and treated temperatures.

Variables DF (n-1) F value p Duncan’s Multiple Range Test
Resin 1 0.55 0.460(
Porcelain 1 1.35 0.248
Temperature 3 6.28 G.002* RT 50°C 70°¢ 90°C
(23.54) (25.20) (21.35) (10.74)
Resin x Porcelain
1 0.01 0.925
Porcelain x Temperature
3 1.14 0.337
Resin x Temperature
3 0.73 0.538
Resin x Porcelain x Temperature
3 0.50 0.685

Horizontal lines stand for grouping in the similar range determined by Duncan’s multiple range tests.
Digits in parenthesis are the mean shear bond strengths of each group.
* ; significant at the level of p < 0.05.

Table 8. Shear bond strengths of orthodontic adhesive resins to etched enamel and to treated porcelain surfaces

h
Surface pretreatment s e(a‘: l:jmdzs ;rength
Bonded griem
Resin Sandpaper Silane Etching Standard
surface drying Agents and Time Mean
number temperature deviation
ST enamel —— — 37% H3PO4 1 135.5 38.4
uT enamel e — 37% H3P04 1 152.7 20.3
ST CR #320 50°C HF 3 915 20.4
uT | CcR #320 50°C HF 3 131.9 30.2
ST VT #320 50°C HF 3 99.2 23.1
L uT vT #320 50° C HF 3 1178 1.2
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Fig. 7. Bar graph of shear bond strengths of orthodontic adhesive resins to enamel etched by
37% H3PO,4 and to porcelain treated with #320 sandpapering, followed by etching with
3% HF for three minutes and silane application at 50°C.

Table 9. Results of the three way ANOVA and Duncan’s mulitiple range tests for human enamel, adhesive
resins and porcelains.

Variables DF {n:1) F value o} Duncan’s Multiple Range Test
Resin 1 7.04 0.012* UT (134.20) ST (108.62)
Enamel x Porcelain
2 5.82 0.007* Enamel {(144.11) CR {113.05) VT (108.568)
Resin x Enamel x Porcelain
2 0.51 0.604

Horizontal lines stand for grouping in the similar range determined by Duncan’s muitiple range tests.
Digits in parenthesis are the mean shear bond strengths of each group.
* ; significant at the level of p < 0.05.
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— ABSTRACT —

SHEAR BOND STRENGTH OF ORTHODONTIC BONDING
RESINS TO PORCELAIN; AN IN VITRO STUDY

Jin-Hwan Ko, Ki-Soo Lee

Department of Orthodontics, College of Dentistry, Kyung Hee University

Bonding orthodontic adhesive resins to glazed porcelain surface is not attainable. The aim
of this investigation was to examine, in vitro, the effect of three methods of porcelain surface
pretreatment on the shear bond strength of orthodontic adhesives, and to compare the shear
strength of orthodontic bracket bonding to porcelain surface by the best results that to human
(T™) and Vita(TM)) baked in the laboratory were roughened
by sandpapers, #320, #600, #800, #1000 and #1200, and were pretreated with silane and dried

at the various temperatures, room temperature, 50°C, 70°C and 90°C, and were etched by 3%

enamel. Porcelain disks (Ceramco

hydrofluoric acid solution for 1, 3, 5, 7, and 9 minutes, orthodontic adhesives (System 1+(TM)

and Unite(TM)) were applied on them, and shear bond strengths were measured by Instron.

The best resuits of pretreatment of each method were determined by the shear bond strengths.

Again, porcelain disks were pretreated by the determined best results and human enamel were

etched by 37% hydrofluoric acid solution, orthodontic brackets were bonded on them by the

orthodontic adhesives, and the shear bond strengths were measured and compared between them.

1. Roughening porcelain surfaces with coarse sandpaper (#300) showed higher shear bond
strength than that with finer sandpapers, but it (22.44 Kgf/cm?) was distinguishably low
compared to that from etched human enamel (144.11 Kgf/cm?).

2. There were disparities in shear bond strengths upon the orthodontic resins, which was pre-
sumably related to the contents of fillers in orthodontic adhesive resins. Also there were
disparities in shear bond strength upon the porcelains which had different composition,

3. Silane enhanced the shear bond strength of orthodontic resins to porcelain surfaces (25.20
Kgf/cm? at 50°C), which was markedly low compared to that from etched human enamel.

4. Etched porcelain surface with 3% hydrofluoric acid solution for 1 to 9 minutes showed no
difference in shear bonding strength of orthodontic adhesive resins. Shear bond strength
from etched porcelain (97.43-120.72 Kgf/cmz) were as high as clinically available, but low
compared to that from etched human enamel.

5. Roughening with #300 sandpaper and etching by 3% hydrofluoric acid followed silane appli-
cation on porcelain surface showed lower shear bond strength than etched human enamel,
but were as high as clinically useful.

6. The results suggest that etching porcelain surface by 3% hydrofluoric acid solution might

provide comparatively high shear bond strength as much as clinically favorable.
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