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nacid etching technique is generally used
Ato increase the retention of acrylic restor-
ative material'” and direct bonded orth-
odonticbrackets.®? Silverstone® found that phos-
phoricacid solution used for etching in concentra-
tions between 20% and 50%, applied to the enamel
for 60 seconds, created the most retentive condi-
tion. Most manufacturers of orthodontic compos-
ite resin suggest an etching time of 60 seconds.
Hence, one minute conditioning has become stan-
dard practice in the direct bonding of orthodontic
brackets. Several recent reports'**? have indicated
that a traditional acid etching time of 60 seconds
could be reduced to 15 or even 5 seconds without
altering the enamel surface or decreasing shear
bond strength.
Younger permanent teeth have a prismless layer
in the enamel surface.®* Older permanent teeth
may have a different morphology and composi-

tion”* which may influence the results of acid
etching or bonding of resin. The purposes of the
present investigation were to evaluate the bond
strength of younger and older permanent teeth
etched with 37% phosphoric acid solution for 15
and 60 seconds and analyze the location of frac-
ture at the time of debonding.

Materials and methods

Forty premolars were extracted for orthodontic
treatment or severe periodontal disease. Twenty
of the teeth were from patients ages 9 to 16 years
old and were categorized as younger permanent
teeth. The remaining 20 were from patients 48 to
69 years of age and were categorized as older
permanent teeth (these had cervical abrasion, cal-
culus deposition, tobacco stain, occlusal or con-
tact facet formation). The teeth were intact without
enamel cracks by forceps, free of caries, and had
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The purpose of this study was to analyze the tensile bond strength and debonding failure mode in younger and older permanent
teeth after etching for 15 and 60 seconds. Bond strength did not change significantly when etching time was increased from
15 to 60 seconds in younger or older permanent teeth. However, regardless of etching time, the bond strength of the older
permanent teeth was greater than that of the younger teeth with statistically significant differences. Four types of debonding
interface were found; bracket base-resin, within the resin, resin-enamel and enamel detachment. There were no statistically
significant differences noted among younger and older permanent teeth with 15 or 60 second etching fracture mode incidence
at debondings. Enamel detachment was found only at etching times of 60 seconds. To reduce enamel destruction and save
chair time, 15 second etching on either younger or older permanent teeth is suggested.
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Table 1
Bond strength of older and
younger permanent teeth

Etching Mean S.D.
time (kg/mm?) (kg/mm?)

Younger 15 sec 0.71 0.17
permanent
teeth 60 sec 0.68 0.21
Older 15 sec 0.82 0.10
permanent
teeth 60 sec 0.82 0.14

Sample size in each group = 10
F . . =641 p=0.0156<0.05

(1.38)
Scheffe’s test, p=0.05. Bond strength of older perma-
nent teeth with 15 sec or 60 sec etching was stronger
than that of younger permanent teeth with 15 or 60
sec elching.

not been treated with fluoride, alcohol, H,0,, or
formalin etc. The teeth were extracted and washed
with water then kept in a sealed container with a
normal saline solution for 1-3 months until test-
ing.

The younger and older groups were randomly
subdivided into two groups each, resulting in
four groups of 10 teeth. The buccal surface of each
crown was polished with a fine pumice powder-
water paste (Moyco Industries Inc. Philadelphia,
Penn) which contained no fluoride or oil for 10
seconds, then washed with a water spray and air
dried. The buccal surfaces of all the teeth in one
younger and one older group were etched with
37% phosphoric acid for 15 seconds; teeth in the
two other groups were etched for 60 seconds. The
surfaces were washed with an abundant water
spray and dried with an air spray. The crowns
appeared chalky white in color.

Forty premolar brackets (Dyna-lok, batch no. -

018-503, Unitek Corp., Monrovia, Calif) were se-
lected. The bracket base consisted of a mesh-
shaped arc with a surface area about 3.1 x 3.4 mm
(10.54 mm?) that easily fit the curvature of the
tooth’s buccal surface. The contour of the premo-
lar bracket base was demarcated in pencil on the
etched enamel surface and area outside the pencil
contour was coated with red nail polish in order to
standardize the bonding size. The etched enamel
and the bracket base were coated with a sealant
(Concise, 3M Corp., St. Paul, Minn), and the com-
posite resin was thoroughly mixed and immedi-
ately applied to the bracket base. The bracket was
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then accurately pressed onto the demarcated
etched buccal enamel with a placement scaler.
Once the bracket was in the correct position, the
scaler was removed. The excess resin was care-
fully removed from the margin of the bracket base
with a dental probe until the resin was set.

All specimens were placed in a 37°C water bath
for 24 hours. Then the tensile bond strength was
tested with an Instron machine (Instron Corp.,
Model 1000, Boston, Mass) at 2 mm/min in cross-
head speed. The failure mode percentages of
enamel surfaces and bracket bases in each respec-
tive group were examined and calculated with a
scanning electron microscope (Canscan Corp.,
Serial 4, Cambridge, England) and energy disper-
sive x-ray spectrometry (Philips Corporation,
EDAX, SW 9100, Hillegon, Holland). The bond
strengthand debonding interfacedistributiondata
were recorded and analyzed. The mean and stan-
dard deviations were determined. Data were
analyzed by one-way and dependent two-way
analyses of variance at 95% level of confidence ™
Details of the procedures were described in previ-
ous studies.?**

Resuits

The mean bond strengths of younger permanent
teeth with 15- and 60- second acid etching times
were0.71 kg/mm?and 0.68 kg /mm? respectively.
The mean bond strengths of older permanent
teeth with 15- and 60-second etching times were
the same at 0.82 kg/mm?. The statistical analysis
with one-way ANOVA showed the F value was
6.41, and was statistically different
(p=0.0156<0.05). Scheffe’s test was chosen for fur-
ther analysis and comparison and showed a sta-
tistically significant difference (p=0.05). The older
permanent teeth had a stronger bond strength
than did the younger permanent teeth with either
15- or 60-second etching. However, there was no
statistical difference between older and younger
groups, as shown in Table 1.

The four types of failure mode found are shown
in Table 2. These were: 1) cohesive failure between
resin and bracket base; 2) failure within the resin
itself; 3" failure between resin and enamel; and 4)
enamel cetachment. A comparison of the percent-
age of failure mode among the various groups by
two-way ANOVA is shown in Table 3.

The statistical results showed the F value of
comparison between the four groups and the fail-
ure mode interaction was 0.34, ancl was not statis-
tically different (p=0.9598>0.05). The F value of
comparison of the four groups was 0 and was not
statistically different (p=1.00>0.05). The F value of
comparison of failure mode was 145.1 and was



Bond strength

Table 2
Failure modes (%)
Metal-Resin Within Resin Resin-Enamel Enamel Detachment
Etch time Mean S.D. Range C.V. [Mean S.D. Range C.V. Mean S.D. Range C.V. Mean S.D. Range C.V.

Younger 15" 43.0 57 3250 13.2 220 80 10-30 36.6 350 85 2045 242 - - - -
perm.
teeth 60" 450 10.0 3065 222 23.0 106 1045 46.1 30.0 11.3 1540 37.7 20 4.2 0-10 2108

Older 15" 440 10.3 3060 235 240 120 1050 498 32.0 120 1055 37.7 - - - -
perm.
teeth 60" 45.0 135 25-60 301 200 75 1045 373 33.0 175 10-60 53.1 20 42 0-10 2108

S.D.= Standard Deviation
C.V.= Coefficient Variation

statistically different (p=0.0001<0.05), shown in

Table 3. . Table 3 .

Sheffe’s test was chosen for the post hoc treat- Analysis of percentages of failure mode with two-way ANOVA
ment of broken mode. The a value with 0.05 was Source Sumof squares DF  Mean square F value PR>F
chosen, and the rank of broken mode was metal-
resin > enamel-resin > within resin > enamel Group of 0 3 0 1.00
detachment (Table 4) The major failure modes (65- etched teeth
68%) were associated with the metal and resin,
and included the metal-resin interface and within Debonding 40415 3 1451 0.0001
the resin itself. Enamel detachment was found mode
when etching time was 60 seconds. (2%) Group*Type 285 9 0.34 0.9598
Discussion

The present study showed that the difference in Error 13374 144 92.9
bond strength between 15- and 60-second etching Corrected total 54074 159

times in younger and older permanent teeth was
not statistically significant. However, regardless
of etching time, the bond strength of the older
permanent teeth was stronger than that of the
younger teeth, with a statistically significant dif-
ference. Theresults showed that orthodonticbond-
ing with a short etching time (15 seconds) was
suggested in younger or adult orthodontic pa-
tients and the older the teeth, the greater the bond
strength.

For younger permanent teeth, prolonged etch-
ing time or mechanically removing the prismless
layer will help to increase retention.®*3* How-
ever, the bond strength of a short etching time (15 metal-resin > resin-enamel > within resin > enamel detachment
seconds) showed the same results as the longer
etching timein this test. The prismlesslayer onthe
enamel surface of younger permanent teeth may
not influence retention. This confirmed previous

Table 4
The post hoc treatment with Sheffe’s test of four failure modes

Note: o = 0.05
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studies'* that a 15-second acid etch is enough to
create sufficient retention on the enamel surface
for bracket bonding in teenagers.

In older permanent teeth, there were no signifi-
cant differences in bond strength between 15- and
60-second acid etching. The results were different
from an earlier study® which indicated that the
enamel surface of older teeth etched for 60 sec-
onds had astronger bond strength than that etched
for 15 seconds. The difference may be explained
by the fact that earlier researchers used surface
impression todetect surfaceirregularity withscan-
ning electron microscope to indicate the quality of
mechanical retention. In thisstudy, the debonding
technique was used which detected the bond
strength directly.

Bond strength in the older permanent teeth was
greater than in the younger teeth, regardless of
etching time. Bhaskar® found that the enamel
surfaces of recently erupted teeth are completely
covered with pronounced perikymata and rod-
ends. With age, the perikymata and rod-ends may
wearaway. Bhaskar also foundlocalized increases
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of certain elements such as nitrogen and fluoride
in the superficial enamel layer of older teeth. This
suggested a continuous uptake, probably from
the oral environment, during aging. As a result of
age changes in the organic portion of enamel,
presumably near the surface, teeth may become
harder and their resistance to decay increased.
Older teeth also become much less permeable to
fluids. Thus, the enamel may become harder with
age and thereby reinforce the bond strength.

There were no obvious differences in the per-
centages of failure mode distribution between
brackets and teethamong the four groups. Enamel
detachments were found only in the 60-second
acid etching groups which indicated that pro-
longed etching time (60 seconds) may result in
enamel] surface destruction but does not increase
bond strength. For saving time in clinical practice,
and decreasing enamel destruction, it seems that
15 seconds is the optimal etching time for younger
or older permanent teeth.

In their in vivo study, Artun and Bergland®
showed that the mode of loosening was mainly
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between the bracket base and adhesive with 37%
phosphoric acid etching. This failure mode may
includefailureat the metal-resin interface or within
the resin itself. Our in vitro study showed that the
failure mode which included metal-resin and
within the resin was from 65% to 68% under SEM
or EDAX observation and detection. Hence, both
the in vivo and the in vitro studies had similar
results: the major failure mode occurs between
the metal and the adhesive.

Conclusions

1. A 15-second etch with 37% phosphoric acid
solution is preferable to a 60-second etch for older
or younger permanent teeth.

2. The bond strength of older permanent teeth
was stronger than that of younger teeth, with
either 15- or 60-second etching time.

3. Enamel detachment was found on teeth etched
for 60 seconds.

Author Address

Der Horng. Sheen B.D.S.
Orthodontic and Pedodontic Section,
Department of Dentistry

Tri-Service General Hospital

8, Section 3, Ding-Chow Road
Taipei, Taiwan

Republic of China, 100.

D.H. Sheen isan Assistant in the School of Dentistry,
National Defense Medical Center in Taipei, Taiwan.

W.N. Wang is Head of the Orthodontic and Pedodontic
Section, Department of Dentistry, Tri-Service General
Hospital, Taipei, Taiwan and an Associate Professor in
the School of Dentistry, National Defense Medical
Center.

T.H. Tarng is Chief Resident, Orthodontic and
Pedodontic Section, Department of Dentistry, Tri-
Service General Hospital and Instructor, School of
Dentistry, National Defense Medical Center.

The Angle Orthodontist

Vol. 63 No.3 1993

Bond strength

229

$S9008 9811 BIA $|-G0-GZ0Z 18 /woo Alojoeignd-poid-swd-yewlsiem-jpd-swiid)/:sdny wol) papeojumoq



Sheen; Wang; Tarng

230

10.

11.

12.

13.

14.

15.

16.

17.

The Angle Orthodontist

References

Buonocore MG. A simple method of increasing the
adhesion of acrylic filling materials to enamel sur-
faces. ] Dent Res 1955; 34:849-53.

Ripa LW, Cole WW. Occlusal sealing and caries
prevention: Results 12 months after a single appli-
cation of adhesive resin. ] Dent Res 1970; 49: 171-
3.

Retief DH. Effect of conditioning the enamel sur-
face with phosphoricacid. ] Dent Res 1973; 52: 333-
8.

Hinding JH. The acicl-etch restoration: A treat-
ment for fractured anterior teeth. ] Dent Child
1973; 40: 21-4.

Friedman M, Retief DH. A clinical and laboratory
evaluation of a new composite restorative mate-
rial. J Dent Assoc S Afr 1973; 28: 460-6.
Barbakow F, Friedman M, Retief DM. A prelimi-
nary clinical report of new composite anterior re-
storative material. ] Dent AssocS Afr 1974;29:217-
21.

Parknouse RC, Winter GB. A fissure sealant con-
taining methyl 1-2-cyanoacrylate as a caries pre-
ventiveagent: A clinical evaluation. BrDent] 1979;
130: 16-9.

Newman GV. Epoxy adhesives for orthodontic
attachments. A progressreport. AmJ Orthod 1965;
51:901-12.

Newman GV. Clinical treatment with bonded
plastic attachments. Am ] Orthod 1971; 60: 600-10.
Retief DM, Dreyer CJ, Gavrun G. The direct bond-
ing of orthodontic attachment to teeth by means of
an epoxy resin adhesive. Am ] Orthod 1973; 38:
218-20.

Retief DH. The use of 50% phosphoric acid as an
etching agent in orthodontics: a rational approach.
Am ] Orthod 1975; 68: 165-78.

Bryant S, Retief DH, Russell CM, Denys FR. Ten-
sile bond strengths of orthodontic bonding resins
attachments to etched enamel. Am J Orthod and
Dentofac Orthop 1987; 92: 225-31.

Silverstone LM. Fissuresealants. Caries Res 1974;8:2-
26.

Beech DR, Jalay T. Bonding of polymers to enamel
: Influence of deposites formed during etching,
etching time and period of water immersion. ] Dent
Res 1980; 59: 1156-62.

Nordenvall KJ, Brannstrom M, Malmgren O. Etch-
ing of deciduous teeth and young and old perma-
nent teeth. Am J Orthod 1980; 78:99-108.
Brannstrom M, Malmgren O, Nordenvall K]. Etch-
ing onyoung permanent teeth withanacid gel. Am
J Orthod 1982; 82:379-£3.

Barkmeier WW, Gwinnett AJ, Shaffer SE. Effects of
enamel etching time on bond strength and mor-

Vol. 63 No.3 1993

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

phology. ] Clin Orthod 1985; 19:36-8.

Barkmeier WW, Shaffer SE, Gwinnett AJ. Effects of
15 vs. 60 second enamel acid conditioning on adhe-
sion and morphology. Oper Dent 1986; 11:111-6.
Barkmeier WW, Gwinnett AJ, Shaffer SE. Effects of
reduced acid concentration and etching time on
bond strength and enamel morphology. J Clin
Orthod 1987; 21:395-8.

Labart WA, Barkmeier WW, Taylor MH. Bracket
retention after 15-second acid conditioning. J Clin
Orthod 1988; 22: 224-5.

Wang WN, Lu TC. Bond strength with various
etching time on young permanent teeth. Am J
Orthod Dentofac Orthop 1991; 100:72-9.
Carstensen W. Clinical results after direct bonding
of brackets using shorter etching times. Am J
Orthod 1986; 89:70-2.

Ripa LW, Gwinnett AJ, Buonocore MG. The
“Prismless” outer layer of deciduous and perma-
nent enamel. Arch Oral Biol 1966; 11:41-8.
Gwinnett A]. Human prismless enamel and its
influence on sealant penetration. Arch Oral Biol
1973; 18:441-4.

Sheykholeslam Z, Buonocore MG. Bonding of
resins to phosphoric acid-etched enamel surfaces
of permanent and deciduous teeth. ] Dent Res 1972;
51: 1572-6.

Sheykholeslam Z, Brandt S. Some factors affecting
the bonding of orthodontic attachments to teeth
surface. J Clin Orthod 1977; 11: 734-43.

Bhussry BR, Bibby BG. Surface changes in enamel.
J Dent Res 1957; 36:409-16.

Scott DB, Wyckoff RWG. Studies of tooth surface
structure by optical and electron microscopy.] Am
Dent Assoc 1949; 39:275-82.

Bhaskar SN. Orban’s Oral histology and embryol-
ogy. 9th ed. The C.V.Mosby, St. Louis, Toronto,
London, 1980; 46-106.

Woltgens JHM, Bervoets T]M, Witjes F, Driessens
FCM. Changes in the composition of the enamel of
human premolar teeth shortly after eruption. Arch
Oral Biol 1981; 26:717-9.

Steel PRG, Torrie JH. Principles and procedures of
statistics. 2nd ed. New York: McGraw-Hill, 1980.
Wang WN. Tensile bond strength of orthodontic
resins on human tooth surface. Proc Natl Sci
Counc B ROC 1988; 12:228-35.

Fuks AB, Eidelman E, Shapira J. Mechanical and
acid treatment of the prismless layer of primary
teeth vs. acid etching only: a SEM study. ] Dent
Child 1977; 44: 222-5.

Bozalis WG, Marshall GW, Cooley RO. Mechanical
pretreatmentsand etching of primary-tooth enamel.
] Dent Chlid 1979; 46:43-9.

Artun J, Bergland S. Clinical trials with crystal
growth conditioning as an alternative to acid-etch
enamel pretreatment. AmJ Orthod 1984;85:333-40.



