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Table 1. Materials used in this study

Crystal growthof 2{8t

Ha } {ED ;qa\j nye EEP{I x-lﬂxﬂg[ S|

Materials Manufacturer
Fuji ORTHO™ LC GC Co., Japan
ORTHO-ONE™ Bisco Inc., US.A.
The Max 100™

Standard edgewise bracket

Pumice Whip Mix Co., US.A.

Etchant Bisco Inc., US.A.

Polyacrylic ac1d Japan

Sulfuric acid

Caulk Dentsply, Canada

Rocky Mountain Orthodontics, U.S.A.

Wako Pure Chemical Industries Co.,

Junsei Chemical Co., Japan

Light-cured glass ionomer

Chemically cured composite resin
Visible light unit

Metal bracket, medium size, foil-
meshed base

Fine pumice
37% Phosphoric acid
25% Polyacrylic acid

0.3M 98% Sulfuric acid

Lithium sulfate Yakuri Pure Chemical Co., Japan 0.3M
Magnesium sulfate Junsei Chemical Co., Japan 0.3M
Potassium sulfate Yakuri Pure Chemical Co., Japan 0.3M

Table 2. Crystal growth solutions

Composition

L 25% polyacrvlic acid + 0.3M sulfuric acid + 0.3M lithium sulfate

M 25% polyacrylic acid + 0.3M sulfuric acid + 0.3M magnesium sulfate
K 25% polyacrylic acid + 0.3M sulfuric acid + 0.3M potassium’ sulfate
C 25% polyacrylic acid + 0.3M sulfuric acid
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potassium sulfate® 7H7} 713t 47449 942 A4
A Azt AR

Bl AAAZE no-mix typedl w4 #AlXH
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Table 3. Experimental groups

NIEX 274 6%, 19974

L+GI light-cured glass ionomer
M+GI light-cured glass ionomer
K+GI light-cured glass ionomer
C+GI light-cured glass ionomer
LR orthodontic resin
M+R orthodontic resin
K+R orthodontic resin
C+R orthodontic resin
A+R orthodontic resin
Pum+GI light-cured glass ionomer pumice

25% polyacrylic acid + 0.3M sulfuric acid + 0.3M lithium sulfate
25% polyacrylic acid + 0.3M sulfuric acid + 0.3M magnesium sulfate
25% polyacrylic acid + 0.3M sulfuric acid + 0.3M potassium sulfate

25% polyacrylic acid + 0.3M sulfuric acid

25% polyacrylic acid + 0.3M sulfuric acid + 0.3M lithium sulfate
25% polyacrylic acid + 0.3M sulfuric acid + 0.3M magnesium sulfate
25% polyacrylic acid + 0.3M sulfuric acid + 0.3M potassium sulfate
25% polyacrylic acid + 0.3M sulfuric acid

37% vphosphoric acid
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Fig. 1. A, Shear bond test sample. B, An Instron
used in this study for measuring the shear
bond strength. C, Close-up view.
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Fig. 2. Box plot of shear bond strength at each gro-
up. Black band in the box stands for median.

Table 4. The mean shear bond strengths of each
group (MPa)

L+GI 11.40 367 1057

M+GI 1558 524 1541
K+GI 1423 6.09 13.08
C+GI 1174 3% 11.02
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M+R 756 2.28 717
K+R 809 254 734
C+R 727 218 6.99
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Fig. 3. A bar diagram of the mean shear bond stre-
ngth of each group
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Table 5. Kruskal-Waliis Test for the groups of composite resin bonding

L+R 25 1400.5000 1575.0 161.9936 56.0200
M+R 2 1231.0000 1575.0 161.9936 49.2400
K+R 25 1404.0000 1575.0 161.9936 56.1600
C+R 2 1132.0000 1570 161.9936 452800
A+R 25 2707.5000 15750 161.9936 108.3000

X*=50509, DF=4,  Prob > ¥*=0.0001

Table 6. Kruskal-Wallis Test for the groups of glass ionomer bonding

L+GI 25 1494.5000 15750 162.0006 59.7800
M+GI 25 2171.0000 1575.0 162.0056 86.8400
K+GI 2 1843.5000 15750 162.0066 73.7400
- C+GlI 2 15637.0000 1575.0 162.0056 61.4800
Pum+GI 20 829.0000 1575.0 162.0056 33.1600

x*=30.230, DF=4, Prob > ¥*=0.0001

Table 7. Statistical significance between surface treatment methods in the groups of glass ionomer bonding

L+GI - 0.1743 0.7859

M+GI - - 0.3176 0.0062" 0.0001™
K+Gl - - - 0.2327 0.0003™
C+Gl - - - - 0.0035™

* 1 p<0.05 w1 p<0.01 w1 p<0.001

Table 8. Comparison of shear bond strength of orthodontic brackets using the different bonding materials after
crystal growth

L+GI 11.40 367 -
3.61941 0.0003

LR 7.90 1.86

M+GI 1558 5.24 e
5.34587 0.0001

MR 756 2.28

K+GI 14.23 6.09 -
3.97825 0.0001

K+R 8.09 2.54

C+GI 11.74 3.98 -
4.26975 0.0001

C+R 7.27 2.18

* 1 p<0.05 *x : p<0.01 w1 p<0.001

845



OlgE, =

[
>4

BG1 [OR

E 18 £33 3
g 15 ] 123
g’ 12
&
= 9
=
2 6

3

0

L M K C
Crystal Growth Solutions

Fig. 4. Histographic comparison of shear bond stre-
ngth of orthodontic brackets using the diffe-
rent bonding materials after crystal growth
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Table 9. Statistical significance in shear bond strength between glass ionomer bonding after crystal growth and

composite resin bonding after acid etching

AR 0.0015™ 1.0000 0.2563 0.0031™
(32.06 \ 1894) (2550 \ 25.50) (2314 \ 27.86) (3162 \ 19.38)
* 1 p <005 . p < 001 #xk 1 p < 0,001

() : mean score of Rank Sum Test

Table 10. Incidence of modified Adhesive Remnant Index (mARI)

14 10 1

14 . 11 0

12 12 1

16 9 0

6 9 7

6 7

8 3

11 6 4

A+R 0 1 0
Pum+GI 24 1 0

S = RN RN OO O

12 048

0 0

0 0 1 0.44
0 0 14 056
0 0 9 0.36
1 0 33 1.32
1 0 36 144
5 0 40 1.60
0 0 26 1.04
8 15 111 444
0 0 1 0.04
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Fig. 5. Plot of mARI by the corresponding analysis
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Fig. 6. Scanning electron micrographs of ename! surfaces after various treatmenis(x1,500) : A, 25% polyacrylic
acid + 0.3M sulfuric acid + 0.3M lithium sulfate. B, 25% polyacrylic acid + 0.3M sulfuric acid + 0.3M
magnesium sulfate.  C, 25% polyacrylic acid + 0.3M sulfuric acid + 0.3M potassium sulfate. D, 25%
polyacrylic acid + 0.3M sulfuric acid. E, 37% phosphoric acid. F, pumice.
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Fig. 7. Scanning electron micrographs of enamel surfaces after bracket debonding
of various bonding method(x1,500). A, A sample of glass ionomer bonding
after crystal growth. Bond failure occured between crystal and tooth surface.
Traces of crystal are seen on the enamel surface. B, A sample of resin
bonding after acid etching. Bond failure occured between bracket and resin.
Adhesive remnants of resin are seen on the enamel surface.
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-ABSTRACT-

THE EFFECTS OF CRYSTAL GROWTH ON SHEAR BOND STRENGTH OF
ORTHODONTIC BRACKET ADHESIVES TO ENAMEL SURFACE

Young-Jun Lee, D.M.D., M.S.D.,Young-Guk Park, D.M.D., M.S.D., Ph.D.

Department of Orthodontics Kyung Hee University Graduate School

It has been submitted that different ion solutions containing sulfate induce crystal growth and might substitute
conventional acid etching for pretreatment of enamel in orthodontic bonding(Artun et al., Am. J. Orthod. 85, 333,
1984). This investigation was designed to evaluate the relevance of crystal growth on the enamel surface as an
alternative to conventional acid etching in direct bonding of orthodontic brackets.

Annexing Li2S04, MgS04, K2504 respectively in the solution with 25% polyacrylic and 0.3M sulfuric acids were
employed to enhance the crystal growth. Human bicuspids were treated with various parameters as combinations
of crystal growth and glass ionomer cement, crystal growth and orthodontic resin, acid etching and orthodontic resin
for an investigative purpose.

Crystal growth solution containing MgSO4 showed the highest shear bond strength(15.6MPa) within the groups
of bonding brackets with glass ionomer cement(p<0.01). Bonding with glass ionomer cement on the surface of
crystal growth demonstrated higher shear bond strength than with orthodontic resin(p<0.001). Bonding with glass
ionomer cement on the surface treated with crystal growth solution containing MgSO4 or K2504 was not different
shear bond strength stafistically from bonding with orthodontic resin on the acid-etched surface.

It suggests that bonding brackets with glass ionomer cement on the surface treated with crystal growth solution
containing MgSO4 or K2504 is a potential alternative to bonding with resin on the acid etched sufrace.
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