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Table 1. Shear bond strengths of an orthodontic resin to bovine enamel depending on the various etch

times.
Etch Number . Coefficient
. : Shear bond strength (kg/cai)
times of of
(seconds) specimens Mean SD. Ranges variation{(%)
0 8 14.37 857 2.66— 26.64 59.61
90 8 91.57 18.50 69.26—126.09 20.20
60 8 94.35 27.85 47.06—148.29 29.52
120 8 94.90 14.59 77.26—129.64 15.38
5 8 103.12 18.64 86.14—141.19 - 18.08
15 8 110.00 29.23 79.92—150.07 26.58
20 8 110.33 26.29 68.38—137.64 23.83
10 8 110.33 24.20 86.14—163.39 21.93
30 8 122.10 2344 87.91—156.28 19.20

Note ' Listed in ascendling ordor of magnitude. Means linked by vertical lines ware not siginificantly different

at the 95% confidence level tested by Dunkan’s multiple rangs test.
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Fig. 1. Shear bond strengths depending on the various

etch times. Vertical lines are one standard deviations.

% 7(103.12kg/cnt), 103 F(110.33kg/ent), 15
Z7(110.00kg/cn) 2 203 7 (110.33kg/cnl )&
Mz o3t gle |y ol 30%
T+ 223 60X, 90 ¥ 120X THE F
Qg HolA gsith wmElA R Ao
ZojHo wa AGAFAEE vHFoz
F7VelA] - gkked, 238 60% o]/de B
Az A FAFAE Bole AL vE
Pre=2

AGHAJATE ST F, 429 g



CHXIM K] 23H 13, 1993

Table 2. Failure patterns of bracket bondings

HAAZION MR HYE 2PAZ0IY MEZEE 2= 79

Etching . Adhesive/ . Bracket
. Enamel Adhesive . Cohesive
time . cohesive . base Tatal
crack failure . failure .
(seconds) failure interface
0 0 8 0 0 0 8
5 0 7 1 0 0 8
10 1 5 1 0 1 8
15 0 7 1 0 0 8
20 0 5 3 0 0 8
30 0 6 2 0 0 8
60 0 6 2 0 0 8
90 0 6 2 0 0 8
120 0 7 1 0 0 8
Total 1 57 13 0 1 72
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Fig. 2. Distribution of failure patterns. Filled circles
show the adhesiv/cohesive failures and empty
circle, adhesive failures. Note most of the adh
esive/cohesive failures are occurred above the
120kg/en of shear bond strength.
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Fig 3. Sem view of enamel surfaces etched for
various etching time.
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SAAIZI T2 HEE FAZoe NuHEE 4= 81

Table 3. Depth of etched eramel surfaces depending on the various etch times.

Etch Number Coefficient
. Depth of etch (um)
times of - of
Mean S.D. Ranges _
(seconds) measurement variation(%)
0 9 0.000 0.000 00— 0.0
5 9 1611 0.393 15— 20 244
15 9 2.056 0.393 15— 20 179
10 9 2.556 0.550 15— 35 215
20 9 2.833 0.333 25— 30 11.8
30 9 4611 0.774 30— 55 16.8
60 9 6.286 0.995 50— 8.0 15.8
90 9 9.444 1.403 7.5—12.0 14.9
120 9 9.944 0.797 9.0—11.0 8.0

Note - Listed in ascendling ordor of magnitude. Means linked by vertical lines ware not siginificantly
different at the 95% confidence level tested by Dunkan's multiple rangs test.
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Fig. 4. Superimposition of etched enamel surface
profilograms. The depth of etch increased
when etch times were longer.
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Fig. 6. Correlation between etch time and depth of etch.
The correlation coefficient(r) was very high.
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Table 4. Etched enamel surface roughness (Ra- values)

CHAI R JA| 238 1=; 1993

Etch Number Coefficient
. Surface roughness(Ra) (um)
fimes of Mean SD. Ranges of
(seconds) measurement variation(%)
0 9 0.17 0.03 0.12—0.24 172
10 9 ’ 0.19 0.02 0.16—0.23 127
30 9 0.25 0.06 0.16—0.37 22.8
20 9 0.30 0.05 0.22—0.37 15.9
15 9 0.30 0.10 0.16—0.50 342
60 9 0.32 0.06 0.21—040 18.8
90 9 0.51 0.16 0.30—0.87 304
120 9 0.57 0.17 0.24—0.86 30.3

Note : Listed in ascendling ordor of magnitude. Means linked by vertical lines ware not siginificantly

different at the 95% confidence level tested by Dunkan’s multiple rangs test.
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Fig. 7. Etched surface roughness(Ra values) by the etch
times. Vertical lines are the ranges of mean + 1 stan-

dard deviation.
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Depth of Etch and Ra
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Fig. 9. Depth of etch and etched surface roughness plotted
on the some etch times. Changes of depth of etch
were not coincident with the changes of etched sur-
face roughness but partially from 5 to 20 seconds
of etch time both changes were coincident with each

other.
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Fig. 11. Changes of shear bond strengths and depths of
etch plotted on the same etch times. The changes
of shear bond strength were not coincident with cha-
nges of depth of etch.
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—ABSTRACT—

EFFECTS OF VARIOUS ETCHING TIMES ON DEPTH OF ETCH AND SHEAR
BOND STRENGTH OF AN ORTHODONTIC RESIN TO BOVINE ENAMEL

Jeong-Hoon Kim, D.D.S, M.SD, Ki-Soo Lee, D.D.S, MSD., PhD. Young-Guk Park, D.D.S, M.SD, PhD.

Department of orthodontics, Division of Dentistry, Graduate shool, Kyung Hee University

Recent reports indicate that shorter etching times than 60 seconds can be adopted without affecting
the bond strength and clinical disadvantages. The purpose of this in vitro study was to compare the shear
bone strength and to measure depth of etch at different etching time length.

One hundred and eight extracted bovine lower central incisors were embedded each in a tooth cup
with cold-cure acrylic resin, The facial surfaces of the teeth were ground wet with 600-, 800-, 1000-, and
1200-grit Sic papers, and finally polished with a water slurry of extrafine silicon carbide powder, washed
with tap water, and dried with hot air.

Nine groups of nine prepared teeth were etched with a commercial(38% phosphoric acid solution) for
0, 5, 10, 15, 20, 30, 60, 90, and 120 seconds, respectively, rinsed with tap water, and dried with hot air.
One conditioned teeth from every group was selected randomly for the scanning electron microscopic exami-
nation, and the remaining eight teeth of the groups were used for measuring the push shear bond strengh
after bonding brackets and immensing them in the 36.5C water for 24 hours.

Another nine groups of three teeth were used for measuring the depth of etch and surface roughness
with a surface profilometer. after pieces of adhesive tape of 3mm inner diameter positioned on the ground
enamel surfaces, and etched with the above mentioned.

The data obtained form the above expeiments were analysed statistically with one way ANOVA and
Dunkan’s multiple range test with the 95% confidence level.

The results and conclusiion of the study were as follows s

1. The results of shear bond strength for the given experimental etching times were not statistically

different, but showed the tendency of decreasing shear bone strength after over 60 seconds etching
times. _

2. On the scanning election microscopic examination, it was observed that the morphological patterns

of etched enamel surface for 5 to 20 seconds were similar and consitent, and those for 30 to 120
" seconds showed increasing over-etched patterns depending on the length of etching times.

3. The depth of etch was increased almost proportionally by the length of etching times, but it was

not associated with the shear bond strength.

4. The surface roughness increased depending on the length of etching times, but it was not associated

with the shear bond strength.

5. This experiment indicated that proper etching time with 38% phosphoric acid solution is in the range

of 5 to 30 seconds.
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