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ost suppliers of H,PO, products
recommend a concentration range
of 37% to 50% H,PO, solution or gel

for etching in operative dentistry,* preventive
dentistry®’ and orthodontics.®'” However,
enamel detachment or calcium loss often oc-
curs following etching with 37% to 50%
H,PO,.** Numerous investigations have been
carried out to define the appropriate concen-
tration of H,PO, for use as an enamel etchant.
Concentrations of 5% to 50% with various com-
posites or etching times have been recom-
mended in previous studies, with varying
results of bond strength, surface roughness,
debonding interface and enamel loss.!41617.2228
The results are confusing to clinicians. The

aims of the present investigation were: 1. To
determine the bond strength produced by
various * concentrations of etchant;
2. To determine the percentage of debonding
interface at various concentrations of etchant;
3. To examine enamel detachment; and 4. To
determine the appropriate concentration of
H,PO, solution for adequate bond strength
and minimal enamel detachment.

Materials and methods

One hundred premolars (first or second, max-
illary or mandibular) were extracted for ortho-
dontic purposes from 9- to 16-year old
patients. The crowns of the extracted teeth
were intact without enamel cracks; none had
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Prior to bonding, the enamel surface of the tooth is normally etched using a solution of 37%-50% phosphoric acid (H,PO,)
for 60 seconds. The purpose of this study was to evaluate the tensile bond strength, debonding interface distribution and
enamel surface detachment of various concentrations of H,PO, solution, from 2% to 80%, applied for 15 seconds.
Statistically significant differences in bond strength were found among the various concentrations tested: concentrations in
the 10% to 60% range produced greater bond strengths than both the weaker and stronger concentrations. The weaker the
bond strength, the greater the debonding interface between resin and enamel. The greater the bond strength, the greater
the debondinginterface between the bracket and resin. Enamel detachment occurred as the H PO, concentration rose above
30%. To obtain greater bond strength and less enamel detachment, 10%- 30% concentrations of phosphoric acid for 15
seconds etching are suggested for clinical bonding.
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Figure 1

Mean and standard
deviations of bond
strength with 10 vari-
ous H,PO, concentra-
tions.
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caries; none aad beern treated with HO,, for-
malin, alcohol or other chemical agents after
extraction. The extracted teeth were washed
and stored with physiologic saline in a sealed
box for 1 to 3 months until testing. The teeth
were randomly divided into 10 groups of 10
teeth each. The buccal surface of each crown
was polished with a fine pumice powder
(Moyco Industries Inc., Philadelphia, Penn) for
10 seconds, then the enamel surface sprayed
with water for 10 seconds and dried with air
spray. In preparation for bonding, the buccal
enamel of the teeth in each group was etched
with a concentration of phosphoric acid solu-
tion (Wakyo Pure Chemical Industry LTD.,
Tokyo, Japan), 2%, 5%, 10%, 20%, 30%, 40%,
50%, 60%, 70% or 80% by weight, for 15 sec-
onds.'® The surface was again sprayed with
water for 10 seconds and dried with air spray.

A grooved retentior base premolar bracket
(Unitek Corp., Monrovia, Calif) with con-
toured curvature of the premolar buccal sur-
face was chosen for bonding. In order to
standardize the bonding area of the resin, the
bracket base was outlined in the center of the
etched surface by marking with a pencil, and
the enamel outside the encircled area was
coated with red nail polish before bonding.
Concise (3M Corp., St. Paul, Minn) sealant and
Concise comr.posite resin were thoroughly
mixed and ir.mediately applied to the demar-
cated etched enamel and bracket base with a
placement scaler. Excess composite resin was
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Table 1
The results of bond strength with 10
- different phosphoric acid concentrations.

Phosphoric acid
Concentration
(% wt/wt)

Mean 5.D.
(Kg/mm?) (Kg/mm?)

2% 0.46 0.12

5% 0.58 0.12
10% 0.68 0.19
20% 0.67 0.12
30% 0.69 0.09
40% 0.70 0.17
50% 0.69 0.11
60% 0.67 0.05
70% 0.53 0.18
80% 0.45 0.10

S.D.: Standard deviation
Sample Size: 10 in each group

removed with a dental probe. The bracketed
tooth was left to air-dry for 10 minutes until it
was set completely. Ten group specimens were
incubated in a 37°C water bath for 24 hours.
Bond strength was measured on an Instron
machine (Instron Corp., Model 1000, Boston,
Mass) and debonding interfaces were exam-
ined using scanning electron microscopy and
mapping of energy dispersive x-ray spectrom-
etry (Phillips Corp., E.D.A.X. SW 9100,



H3PO, concentration and bond strength

) Table 2
The mean and standard deviation of percentages of debonding interface distribution,
the significance of simple main effect and the post hoc treatment with Scheffe’s test of
various debonding interfaces of 10 various H,PO, concentrations.
A B C D P S
Mean SD Mean SD Mean SD Mean SD

2% 4.6 3.44 9.0 6.34 86.2 6.3 - 0.0001 C>AB

5% 16,5 16.5 30.5 13.6 53.0 25.4 - 0.0042 C>AB
10% 285 158 35.0 10.3 36.5 19.6 - 0.490
20% 37.5 8.25 36.5 5.80 26.0 12.0 - 0.390
30% 43.5 5.80 39.5 8.31 17.0 101 - 0.0001 AB>C
40% 46.0 4.60 35.5 6.85 175 7.55 1.00 2.1 0.0001 A>B>C,D
50% 39.5 9.56 35.0 7.82 21.8 12.4 3.70 4.85 0.0001 AB>CD
60% 295 142 33.0 18.1 32.7 8.41 4.80 5.09 0.014 B,C>A>D
70% 18.0 125 30.0 111 412 7.22 10.8 3.29 0.0001 B,C>AD
80% 165 103 275 7.55 44 .8 8.65 11.2 2,57 0.0001 C>B>AD
A: Interface between bracket and resin P: Significance of simple main effect Sample Size: 10 in each group
B: Interface within the resin itself S: Scheffe's test (x=0.05) - : No finding
C: Interface between resin and enamel S.D.: Standard deviation
D: Tooth fragment

Hillegon, Holland). The distributive percent-
Table 3

ages of debonding interface were calculated.
Data on bond strengths and debonding inter-
face percentages were recorded and means and
standard deviations were determined with
SAS software (SAS Institute Inc., Cary, NC) by
one-way and two-way ANOVA. Scheffe's test
was then used to identify statistically signifi-
cant differences between the level of the bond
strength and debonding interface under inves-
tigation.” Detailed procedures of bond
strength and debonding interface analyses
have been described in a previous study.’

Results

Tensile bond strength: The mean bond
strengths were 0.46, 0.58, 0.68, 0.67, 0.69, 0.70,
0.69, 0.67, 0.53 and 0.45Kg/mm? for H,PO, con-
centrations of 2%, 5%, 10%, 20%, 30%, 40%,
50%, 60%, 70% and 80%, respectively, shown
in Figure 1 and Table 1. The statistical analy-
sis of bond strength with one-way ANOVA
gave an F value of 3.9, i.e., a statistically sig-
nificant difference (P=0.0003). The least signifi-
cant difference was chosen (o= 0.05) for further
analysis and comparison. It was a statistically
significant difference (P=0.01). The results of
the least significant difference testshowed that
the bond strengths could be divided into three
groups. The strongest bond strengths were
found from 10% to 60% H.,PO,, the second
strongest bond strengths were 5% and 70%
H,PO,, and the weakest bond strengths were

The statistical results of 10 various H,PO, concentrations and
percentages of debonding interfaces with two-way ANOVA.

FValue PR>F

Group of various concentrations of H,PO, 1.19 0.304
Type of debonding interface 44.40 0.000
Group and type interaction 21.00 0.000
P<0.05

in the 2% and 80% H,PO, groups.

Debonding interface: The debonding inter-
faces between the bracket base and tooth sur-
face were located as follows: (1) between
bracket base and resin, (2) within the resin it-
self, (3) between resin and enamel. In some
cases, enamel detachment occurred. The per-
centages of mean and standard deviation of
debonding interface distribution in each con-
centration of H,PO, are shown in Table 2. No
enamel] detachment was found with concentra-
tions of H,PO, below 30%. A comparison of the
percentages of debonding interface distribu-
tion was performed among 10 various concen-
trations of H,PO, by two-way ANOVA. The
statistical results are shown in Table 3. The F
value of comparison between 10 various con-
centrations of H,PO, and percentages of
debonding interface distribution interaction
was 21.0, which was statistically significant (
P=0.000). The F value of comparison among 10
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various concentrations of H,PO, was 1.19,
which was not statistically significant

" (P=0.304). The F vzlue of comparison among

four types of the percentage of debonding in-
terface distribution was 44.4, and was statisti-
cally significant (P=0.000). The significances of
simple main effect of debonding interface of
the 10 concentrations of H,PO, were 0.0001,
0.0042, 0.490, 0.390, 0.0001, 0.0001, 0.0001,
0.014, 0.0001 and 0.0001 respectively.
Debonding interfaces of the concentrations of
2%, 5%, 30%, 40%, 50%, 60%, 70%, and 80%
H,PO, were statistically significant (P< 0.01).
The Scheffe's test was chosen for the post hoc
treatment, the o value with 0.05 was chosen
and the ranks of various debonding interfaces
of each concentration are shown in Table 2. The
major debonding interfaces of 60% and 70%
H,PO, concentrations were between resin and
bracket. At 30% to 50% H,PO, concentrations,
the major debonding interfaces were between
bracket and resin or within the resin itself.
However, the major debonding interfaces of
the concentrations of 2%, 5% and 80% H,PO,
were between resin and enamel.

Discussion

Etching enamel with H,PO, results in the loss
of superficial enamel and preferential dissolu-
tion of the underlying enamel.?® The depth of
etch (subsurface) or the amount of superficial
enamel removed during etching depends on
the concentration of H,PO, and the duration of
its application. From a biological viewpoint,
a low concentration is preferable because it
causes minimal enamel detachment or calcium
loss?? while securing an adequate bond.

The results of this study indicate that the
strongest bond strengths resulted from concen-
trations of H,PO, in the range of 10% to 60%.
However, enamel detachment did occur as the
concentratior: increased above 30%. The sug-
gested application of 37%-50% H,PO, for 60
seconds may damage the enamel. The lowest
concentrations of H PO, tested (2% and 5%)
resulted in weaker bond strengths. Ten percent
to 30% concentrations of H,PO, applied for 15
seconds should result in less enamel detach-
ment or calcium loss while producing ad-
equate bond strength for clinical usage.

The major dzbonding interface distributions
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of lower concentrations of H,PO, (2% and 5%)
were between the resin and enamel (53.0%-
86.2%). There was no enamel detachment, as
shown in Table 2. The reason for this may be
related to insufficient etching time on the
enamel surface to achieve retention.?>?

The higher concentrations of H,PO, (70% and
80%) also resulted in weaker bond strengths.
The major debonding interface distributions
were between enamel and resin (41.2% to
44.8%) and enamel detachments were found
(10.8% to 11.2%) as shown in Table 2. The
enamel surface structure may have been de-
stroyed by overetching with greater concentra-
tions of H,PO, causing the retention to fail.

The total amount of calcium dissolved in-
creased with an increase in H,PO, concentra-
tion with 60 seconds etching and reached a
maximum with 20% to 50% H,PO,, and a fur-
ther increase in acid concentration resulted in
a decrease in the total calcium dissolved.? The
amounts of subsurface calcium dissolved or
depths of etch with phosphoric acid concen-
trations ranging from 10% to 60% for 60 sec-
onds etching did not differ significantly.
Further increase in acid concentration resulted
in a decrease in the depth of etch or total cal-
cium dissolved.””? Bond strengths with H,PO,
concentrations of 10% to 60% were not signifi-
cantly different, and decreased with higher
concentrations.’”?*? The findings of the
present study are in agreement with those ear-
lier reports. However, even with the use of a
15-second etch, ename! detachment was found
as the concentration of H,PO, increased above
30%; the greater the concentration of H,PO,
over 30%, the greater the enamel detachment.

In their in vivo study, Sadowsky et al.® found
that reducing the etching concentration from
37% to 15% of H,PO, for 60 seconds etching
did not significantly affect the retention of
bonded orthodontic attachments. Hence, they
suggested that the reduction of etchant concen-
tration and duration of etching should be con-
sidered. The results of their in vivo study
correspond with those of our in vitro study.
Zidan and Hill* tested bond strengths with
0.5%, 2%, 5% and 35% H,PO, and found that
they were not significantly different except



with 0.5% H,PO,. Their sample size was small
(five specimens in each concentration group)
and they may have used a different method of
bond strength testing.

Retief,'” Bryant et al.Z as well as Zidan and
Hill,* analyzed the debonding interface with
scanning electron microscopy, an excellent tool
for examining tooth surfaces qualitatively but
not quantitatively.” In our serial studies, a
scanning electron microscope with energy dis-
persive x-ray spectrometry was used to ana-
lyze the debonding interface qualitatively as
well as quantitatively.

Concentrations of H,PO, greater than 27%
produced monocalcium phosphate mono-
hydrate as the main reactant, which was
readily soluble and would be completely
washed away after etching. However, less than
27% H,PO, produced dicalcium phosphate
dihydrate, which was less soluble. The prod-
ucts, if not completely removed after the etch-
ing procedure, may interfere with the bonding
of composite resin to the etched enamel sur-
face.” Hence, in this test, the surface after etch-
ing was carefully washed with water spray for
10 seconds before bonding.

There was no statistical difference in bond
strength between 15 and 60 seconds of H,PO,
etching. However, there was no enamel de-
tachment as a 15-second etch was used.®
Hence, to minimize enamel detachment or cal-
cium loss, a 15-second etch was chosen in this
test. This is different from previous studies
which used etching times over 15 seconds.?*

From the statistical analysis of debonding in-
terfaces of all specimens, the greater the bond
strength, the greater the debonding interface
between the bracket and resin. Choosing the
appropriate bracket base with greater bond
strength will be analyzed in future studies.

Conclusions

1. Ten percent to 30% concentrations of H,PO,
solution applied for 15 seconds etching re-
sulted in bond strength adequate for clinical
bonding with minimal enamel detachment.

2. Lower (2% to 5%) and higher (70% to 80%)
concentrations of H,PO, solution resulted in
lower bond strengths with debonding inter-

H3POy concentration and bond strength

faces between the resin and enamel. The other
concentrations tested —10% to 50% — produced
greater bond strengths, with debonding inter-
faces located between the bracket and resin.

3. Enamel detachment was found as the con-
centrations of H,PO, solution increased above
30%.

Acknowledgments

The authors would like to thank Miss Jenni-
fer H. Y. Wang for her enthusiastic typing of
this manuscript.

This study was supported by a grant from the
National Science Council of the Republic of
China (NSC 81-0412-B-016-45).

Author Address
Wei Nan. Wang
8, Section 3, Ting-Chow Road
Department of Dentistry
Tri-Service General Hospital
Taipei, Taiwan, 100 R.O.C.

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

Ching Lin. Yeh is Chairman of the Department
of Dentistry, Tri-Service General Hospital and As-
sociate Professor, School of Dentistry, National De-
fense Medical Center.

Ber Duen. Fang DDS is a resident in the Ortho-
dontic and Pedodontic Section, Department of Den-
tistry, Tri-Service General Hospital and an
assistant in the School of Dentistry, National De-
fense Medical Center.

Kuo Ting. Sun is a resident in the Orthodontic
and Pedodontic Section, Department of Dentistry,
Tri-Service General Hospital and an assistant in
the School of Dentistry, National Defense Medical
Center.

Michael G. Arvystas DMD is a Professor in the
Orthodontic Section, University of Medicine and
Dentistry of New Jersey, New Jersey Dental School,
Newark, N.]. and an orthodontist at the Center for
Craniofacial Disorders, Montefiore Medical
Center, Bronx, N.Y. U.5.A.

The Angle Orthodontist

Vol. 64 No. 5 1994

381



Wang; Yeh; Fang; Sun; Arvystas

382

10.

11.

12.

13.
14.

15.

16.

17.

The Angle Orthodontist

References

Ibsen RL. Non-operative treatment for gingival
erosion. Dent survey 1972; 48:22-4.

Robb RG. Restoration of fractured incisor using
crown form and composite resin. ] S Calif Dent
Assoc 1972; 48: 449-54.

Hinding JH. The acid-etch restoration: A treatment
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. ] Dent Assoc S Afr 1973; 28:460-6.

Barbakow F, Friedman M, Retief DH. A prelimi-
nary clinical report of a new composite anterior
restorative material. ] Dent Assoc S Afr 1974;
29:217-21.

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

Parkhouse RC, Winter GB. A fissure sealant con-
taining methyl 1-2-cyanoacrylate as a caries pre-
ventive agent: A clinical evalution. Br Dent ] 1971;
130:16-9.

Retief DH, Dreyer CJ, Gavron G. The direct bond-
ing of orth.odontic aitachments to teeth by means
of an epoxy resin adhesive. Am ] Orthod 1970;
58:21-40.

Newman GV. Clinical treatment with bonded plas-
tic attachments. Am ] Orthod 1971; 60:600-10.
Knierim RW. Invisible lower cuspid to cuspid re-
tainer. Angle Orthoc. 1973; 38:218-20.

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

Miura F, Nakagawa K, Ishizati A. 5canning elec-
tron microscopic studies on the direct bonding
system. Bull Tokyo Med Dent Univ 1973; 20:245-
60.

Moser JB, Dowling DB, Greener EH, Marshall GW.
Adhesion of orthodontic cements to human
enamel. ] Dent Res 1976 ; 55: 411-8.

Brauer GM, Termini DJ. Bonding of bovine enamel
to restoraive resin: Effect of pretreatment of
enamel. ] Dent Res 1972; 51:151-60.

Silverstone LM. Fissure sealants: Laboratory stud-
ies. Caries Res 1974; 8:2.

Beech DR, Jalaly T. Bonding of polymers to
enamel: Influence of deposits formed during etch-
ing, etching time and period of water immersion.
J Dent Res 1980; 59:1156-62.

Retief DH. The use of 50% phosphoric acid as an
etching agent in orthodontics: A rational approach.
Am ] Orthod 1975; 6£:165-78.

Vol 64. No. 5 1994

18.

19.

20.

21.

22,

23.

24.

25.

26.

27.

28.

29.

30.

Wang WN, Lu ZC. Bond strength with various
etching times on young permanent teeth. ] Am
Orthod Dentofac Orthop 1991; 100:72-9.
Barkmeier WW,Gwinnett AJ, Shaffer SE. Effects of
enamel etching time on bond strength and mor-
phology. J Clin Orthod 1985; 19:36-8.

Silverstone LM. The acid etch technique: In vitro
studies with special reference to the enamel sur-
face and the enamel- resin interface. In: Silverstone
LM, Dogon IL. editors: Proccedings of an interna-
tional symposium on the acid etch techniques. St.
Paul, North Center Publishing Co., 1975; 13-9.
Schutt NL,Pelleu GB. Effect of storage time and
temperature on the setting times of two compos-
ite resins. ] Prosthet Dent 1982; 47:407-10.

Bryant S, Retief DH, Russell CM, Denys FR. Ten-
sile bond strength of orthodontic bonding resins
and attachments to etching enamel. Am J Orthod
and Dentofac Orthop 1987; 92:225- 31.
Manson-Rahemtulla B, Retief DH, Jamison HC.
Effect of concentrations of phosphoric acid on
enamel dissolution. J Prosthet Dent 1984; 51:495-
8.

Zidan O, Hill G. Phosphoric acid concentration:
Enamel surface loss and bonding strength. |
Prosthet Dent 1986; 55:388-92.

Legler LR, Retief DH, Bradley EL. Effect of phos-
phoric acid concentration and etch duration on
enamel depth of etch: An in vitro study. Am ]
Orthod Dentofac Orthop 1990; 98:154-60.

Legler LR, Retief DH, Bradley EL, Denys FR,
Sadowsky PL. Effects of phosphoric acid concen-
tration and etch duration on the shear bond
strength of an orthodontic bonding resin to
enamel: An in vitro study. Am J Orthod Dentofac
Orthop 1989; 96:485-92.

Gottlieb EW, Retief DH, Jamisor HC. An optimal
concentration of phosphoric acid as etching agent.
Part I: Tensile bond strength studies. ] Prosthet
Dent 1982; 48:48-51.

Sadowsky PL, Retief DH, Cox PR, Hernandez-
Orsini R, Rape WG, Bradley EL. Effects of etchant
concentration and duration on the retention of
orthodontic brackets: An in vivo study. Am ]
Orthod Dentofac Orthop 1990; 93:417-21.

Steel PRG, Torrie JH. Principles and procedures of
statistics. 2nd ed. New York: Mc Graw-Hill, 1980.
Retief DH, Bischoff ], Van der Merwe EHM. Pyru-
vic acid as an etching agent. ] Oral Rehabil 1976;
3:245.



