Original Article

Shear Bond Strength of Saliva Contaminated and Re-etched

All-in-One Adhesive to Enamel

M. Khoroushi* %@, F. Mostajeran®, Sh. Shayegh*

! Associate Professor, Department of Operative Dentistry, School of Dentistry, Isfahan University of Medical Sciences, Isfahan,

Iran

2 Associate Professor, Torabinejad Dental Research Center, School of Dentistry, Isfahan University of Medical Sciences, Isfahan,

Iran
3Dentist, Private Practice

4 Associate Professor, Department of Prosthodontics, School of Dentistry, Shahed University.of Medical Sciences, Tehran, Iran.

= Corresponding author:

M. Khoroushi, Department of
Operative Dentistry, School of
Dentistry, Isfahan University of
Medical Sciences, Isfahan, Iran.
khoroushi@dnt.mui.ac.ir

Received: 23 January 2008
Accepted: 4 June 2008

INTRODUCTION

Abstract:

Obijective: The aim of this study was to investigate the effect of phosphoric acid re-
etching of an enamel surface treated via a-one-bottle adhesive system on shear bond
strength between resin composite and.the enamel surface in different stages of adhesive
application.

Materials and Methods: Extracted intact premolars (n=84) were divided into seven
groups (n=12). In the control group 1, the adhesive i-Bond was used according to the
manufacturer's instructions, with no.contamination. In groups 2 to 4, the conditioned and
saliva, contaminated enamel was blot dried only, rinsed, and blot dried, rinsed blot dried
and re-etched, respectively..In groups 5, 6 and 7 cured adhesive was contaminated with
saliva and then rinsed and blot-dried, blot dried only and rinsed, blot-dried and re-etched
respectively. In groups 3, 4, 6 and 7 the adhesive was reapplied. Afterward, Z100 compos-
ite cylinders were bonded to the enamel surfaces. The samples were thermocycled (5°C
and 55°C, 30 s, dwelling'time: 10 s, 500 cycles). Finally, the samples were sheared using
Dartec testing:machine and shear bond strength data were subjected to one-way ANOVA
analysis and Tukey's HSD test.

Results:. There were statistically significant differences among groups 1 and 5-7. The
samples in-groups 1 and 4 demonstrated higher bond strengths than those in the other
groups.

Conclusion: Using phosphoric acid etching may be effective, only where contamination
occurs prior to curing of the adhesive. After curing of the adhesive, none of the methods in
this:study would be preferred.
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results possible in bond strength, manufactur-

Protecting the restoration against contamina-
tion by oral fluids is still a necessity in most of
the practiced clinical treatment methods [1].

All-in-one adhesives provide increased user
reliability due to their faster application, re-
duced number of components and application
steps. However, in order to achieve the best
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ers recommend two, three, or more time appli-
cation of these materials. Previously published
studies on how saliva contamination affects
shear bond strength (SBS) of different genera-
tions of bonding agents have resulted different
conclusion [2-11]. There are studies proposing
saliva contamination of etched enamel to cause
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a significant decrease in bond strength be-
tween resin and the enamel surface [2,12].
Fritz et al [5] reported a 50% reduction in
mean bond strength value when the composite
resin was bonded directly to saliva contami-
nated enamel and dentin. Other studies re-
ported the significantly lower bond strength of
the composite resin bonded directly to con-
taminated enamel [12-14]. On the other hand,
there are previously published data indicating
that the use of dentin bonding agents tends to
reduce tooth sensitivity to saliva contamina-
tion [2,9]. A reduction rate of 40-50% in bond
strength to contaminated tooth when using
self-etch adhesives have also been cited in the
literature [15,16]. In addition, conclusion have
been made that re-etching of the saliva-
contaminated dentin with phosphoric acid is
the best method to overcome the negative ef-
fects of saliva on bonding strength [8,12,16].
The aim of this study was to investigate the
effect of re-etching the saliva contaminated,
adhesive treated enamel surface by phosphoric
acid on SBS of composite resin to the surface
during different steps of the application of the
one-bottle adhesive system of i-Bond.

MATERIALS AND METHODS

Eighty-four extracted intact premolars were
stored in thymol solution 0.2% for a maximum
of 4 months until further processing in the
laboratory. The teeth were mounted in cylin-
drical moulds with self-cure acrylic resin up to
their cervical region. Buccal surfaces of the
specimens were reduced:-with a 600-grit silicon
carbide paper under water spray to create flat
and fresh enamel surfaces. Afterward, the
samples were randomly divided into seven

groups of 12 and 0.05 cc of fresh human saliva
was applied on all of them by Hamilton sy-
ringe for 30 seconds.

The adhesive system used under several condi-
tions was i-Bond (Heraeus-Kulzer Co., Ger-
many, Lot No#010062). Four procedures (not
contaminated, contaminated, contaminated and
rinsed, contaminated, rinsed and re-etched)
using i-Bond adhesive system before and after
light curing were followed and evaluated.

The study groups were prepared as follows:
Group 1: In this group, application of i-Bond
with a small-saturated brush in three consecu-
tive coats wasfollowed by 5 seconds of gentle
air-drying, .to remove .the solvent and water,
and 20 second light activation (Coltolux 2.5,
C7906, Coltene, USA).

Group 2:-After ‘applying the adhesive and be-
fore curing.it; fresh saliva was applied on the
samples and left undisturbed for 30 seconds.
After .5 seconds of gentle air blow, the adhe-
sive was re-applied and cured.

Group 3: The procedure was similar to the one
in group 2; however, after half a minute, the
contaminating saliva was thoroughly rinsed for
15 seconds prior to blot drying and application
of the adhesive.

Group 4: The procedure was similar to that in
group 3, and after blot drying, HzP04 (37%, lot
no. 80114, 3M ESPE, USA) was applied to the
surface and rinsed, both for 15 seconds and
blot dried before the adhesive was applied as
described previously.

Groups 5-7: In these groups, saliva contamina-
tion occurred after curing of the adhesive.

In group 5, saliva was rinsed for 15 seconds
prior to blot drying and resin composite appli-
cation.

Table 1. Shear bond strength (MPa) on enamel by application technique.

SBS Group 1 Group 2 Group 3 Group 4 Group 5 Group 6 Group 7
Minimum 15.004 10.757 10.191 16.277 10.333 6.228 8.634
Maximum 22.647 16.227 26.185 23.071 17.127 13.730 16.419

Mean 17.409 12.514 15.333 18.459 13.069 10.368 12.267

SD 2.122 1.728 5.668 2.039 2.153 2.832 3.019

SBS=Shear Bond Strength, SD=Standard Deviation
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Fig 1. Application techniques used in the study.

In group 6, without rinsing the saliva, the sam-
ples were blot dried for five seconds and the
composite resin was applied. In.group 7, the
treatment was similar to:that in.group 5, except
that after blot drying, etching with 37% phos-
phoric acid was carried out and rinsed thor-
oughly for 15 seconds followed by i-Bond ad-
hesive being reapplied and cured. In groups 5-
7 the adhesive was reapplied before composite
bonding. (Fig 1).

Teflon molds (3 mm width and 4 mm height)
slightly overfilled with resin composite (2100,
lot N0.8004 A3, 3M ESPE, USA), were firmly
and carefully placed on enamel surfaces of all
the specimens and light cured for 40 seconds
from three sides of the cylinders.

The specimens were then stored in deionized
water at 37°C for 24 hours and thermocycled
for 500 rounds before being subjected to shear
force in a universal testing machine (Dartec,
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Ziw
Light dos

model HC10, UK) with the cross-head speed
of 1 mm/min until occurrence of failure. SBS
data were analyzed using one-way ANOVA
followed by Tukey's HSD test to identify the
differences at a significance level of 0.95.

RESULTS

One-way ANOVA showed that surface sali-
vary contamination causes statistically signifi-
cant reduction in bond strength (Table 1).

The results revealed that there were significant
differences among the groups (P<0.0005). Ac-
cording to Tukey's HSD test significant differ-
ences between groups 1 and 2, 1 and 5-7, 2
and 4, and 4 and 5-7 were found at a signifi-
cance level of 0.05 (Table 2).

DISCUSSION

The results of our study depicted statistically
significant differences among groups 1 and 5-7
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and the samples in groups 1 (control group)
and 4 demonstrated higher bond strengths than
those in the other groups.

Protein contamination of the operating field
from accidental contact with either blood or
saliva is a frequent problem in dentistry. In
addition, the application of rubber dam is
sometimes difficult or even impossible, e.g.,
when deep cervical lesions are restored or in-
direct restorations are seated. Thus, resin adhe-
sives bonding effectively to dental substrates
in spite of protein contamination, would be
highly desirable [2-6]. Although in all-in-one
adhesive systems all three basic steps of etch-
ing, priming, and applying the adhesive occur
simultaneously, they should mostly be applied
in two or more layers to obtain enough thick-
ness and adequate bond [2,3].

In addition, in these all-in-one systems, the
primer does not need to be rinsed off after ap-
plication. What happens to the acid is still not
completely understood, but it is thought to be
neutralized at some point by hydroxyl ions re-
leased from the hydroxyapatite during demin-
eralization [13,14].

The effect of salivary contamination on bond-
ing efficacy of adhesives, with respect.to their
hydrophilic nature, is yet greatly controversial
[2-11,16]. Some studies have reported saliva
contaminated and unwashed enamel to provide
significantly lower bond strengths of resin
composite to them. In addition, others have
reported the use of bonding agents under fis-
sure sealants reducing their sensitivity to saliva
contamination ‘and resulting in high bond
strengths [3,5,9,11,12].

Table 2. Two by two comparison of study groups.

It seems that the hydrophilic nature of newer
adhesive systems may bring about better be-
haviors in the presence of saliva contamination
[2,5,9].

Measuring SBS values is a common method to
evaluate the efficiency of bonding systems
[17]. It has been previously depicted that if
SBS values of composite to dentin and enamel
range between 15-35 MPa, the system will be
clinically acceptable [13]. In this regard,
groups 1, 3, and 4 in the present study showed
acceptable values of SBS. In addition, it has
been stated that SBS values of 17-20 MPa can
compensate the polymerization shrinkage,
thus, in our study only the treatment in group
4, has resulted.into a reliable bond. According
to some researches, other procedures such as
resurfacing with burs, especially after curing
of the adhesive, might be valuable [5].

In the present study, we used i-Bond being an
all-in-one adhesive system. Its main compo-
nents are 4-META and diurethandimethacry-
late, HEMA and Glutaraldehyde. This system
includes acetone and water as solvents. The
recommended time for applying and curing of
the three layers of the mentioned system, as
instructed by the manufacturer, is about 75
seconds; therefore, contamination during ap-
plication periods is highly probable.

In the present study, comparison of the con-
taminated samples after application of the ad-
hesive and before curing it, with the control
group showed that SBS values in group 2 was
significantly lower than the those in the other
three groups. When contamination occurred
before curing of the adhesive, no significant

Group 2 Group 3 Group 4 Group 5 Group 6 Group 7
Group 1 S NS NS S S S
Group 2 NS S NS NS NS
Group 3 NS NS NS NS
Group 4 S S S
Group 5 NS NS
Group 6 NS

S=statistically significant, NS=Not statistically significant
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difference was seen either when the contami-
nated enamel was rinsed or both rinsed and re-
etched (groups 3 and 4). This shows that, when
using i-Bond system, it is not necessary to etch
the enamel again, thus, rinsing and blot drying
of the contaminated enamel seems to be
enough.

The specimens contaminated with saliva in
group 2 had mean bond strength of 12.514
MPa, while the amount for the control group
was 17.409 MPa, which shows a reduction of
about 35%. Several researches have reported a
50% reduction in SBS value when the enamel
is contaminated with saliva and not rinsed af-
terwards. On the other hand, it has been advo-
cated that when saliva is applied on the one-
bottle adhesive and air-dried either prior to or
after curing, SBS will be reduced [5,7,9].
Taskonak and Sertgoz [4] have reached similar
results; however, in the study by Fritz et al [5]
the statement goes for dentin substrates only.
In our study, SBS values in group 4, where
saliva contamination was rinsed off and phos-
phoric acid etching was applied, were more
than other groups (mean: 18.459 MPa). There
are previously published data confirming.the
mentioned result [12]. This«shows.that using
HsPo, before curing the adhesive as a decon-
taminating agent can be.effective.

The present study has shown that after curing
the adhesive, salivary contamination cannot be
completely removed by rinsing and drying
(group 5). Comparison of the results of groups
5 and 6 shows. the effect of rinsing as a saliva
decontaminating procedure; though, it seems
that after curing the adhesive, rinsing and dry-
ing does not fully recover the SBS.
Glycoproteins are reported to act as barriers.
While rinsing and drying, the oxygen-inhibited
layer is removed and as a result, its co-
polymerization with the next layer is impaired.
In our study, we did not air dry the surface, but
blot-dried it. That is why relatively good re-
sults were obtained in group 5, confirming that
salivary proteins are rinsed off the contami-
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nated surface. Yet, it should also be noticed
that bonding systems are believed to be sensi-
tive to excess moisture, artificial saliva, and
plasma [3]. May be that is why we did not ob-
tain better results for group 5.

In addition, saliva contamination of enamel
after curing the adhesive, without additional
rinsing (group 6), caused a dramatic reduction
in SBS values. It is not surprising that adsorp-
tion of salivary glycoproteins generates a film
on the hydrophobic surface of enamel after
curing the adhesive [2-6]. Fritz et al [5] and
el-Kalla and Garcia-Godoy [9] have reported
similar results on this matter.

Applying H3Po4 and rinsing prior to re-
application of the adhesive made a significant
fall ;in SBS amounts in group 7. The men-
tioned-procedure has not been used in previous
studies. It.seems that neither rinsing nor using
H3Po4 could recover the SBS after curing.
Townsend and Dunn have also depicted simi-
lar results [2]. Rinsing and drying saliva con-
tamination is proposed as an accepted treat-
ment to recover SBS when the contamination
occurs after curing the adhesive [3,5,7]. In ad-
dition, Fritz et al [5] suggested that the con-
taminated area must be removed by resurfac-
ing the tooth with a bur, as it cannot be wetted
properly by the composite material. The men-
tioned treatment was not performed in this
study.

According to our findings the best way to de-
contaminate the surfaces before curing the ad-
hesive (comparison of groups 2-4) was rinsing
and blot drying followed by etching with
phosphoric acid and reapplying the bonding
agent on the basis of the manufacturer's in-
structions, as practiced in group 4. It appears
that the use of phosphoric acid removes sali-
vary contamination properly and makes the
surface ready for a more reliable bond.
Nevertheless, when saliva contamination oc-
curred after curing the adhesive, using phos-
phoric acid could not be suggested; probably,
resurfacing the substrate with a bur would be
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preferred then. The authors would suggest
more studies in the field including those in-
volving stereo electron microscope evalua-
tions.

CONCLUSION

Saliva contamination of uncured i-Bond adhe-
sive system can simply be removed by the ap-
plication of phosphoric acid, rinsing and reap-
plying of the system.

After curing the adhesive, none of the proce-
dures practiced in this study would be pre-
ferred.

ACKNOWLEDGMENTS

The present work was based on a thesis
(#83016) defended at the School of Dentistry,
Isfahan University of Medical Sciences. The
authors also wish to thank the Director and
staff members of Torabinejad Dental Research
Center.

REFERENCES

1-Sidhu SK, Watson TF, Anstice HM, Billington
RW, Pearson GJ. Moisture susceptibility of ‘resin-
modified glass-ionomer materials. Quintessence
Int 1995 May;26(5):351-8.

2-Townsend RD, Dunn WJ. The effect of saliva
contamination on enamel and dentin.using a self-
etching adhesive. J Am Dent Assoc 2004 Jul;
135(7):895-901.

3-Park JW, Lee KC. The.influence of salivary con-
tamination on shear band strength of dentin adhe-
sive systems. Oper.Dent. 2004 Jul-Aug;29(4):437-
42,

4-Taskonak B, Sertg6z A. Shear bond strengths of
saliva contaminated 'one-bottle' adhesives. J Oral
Rehabil 2002 Jun;29(6):559-64.

5-Fritz UB, Finger WJ, Stean H. Salivary contami-
nation during bonding procedures with a one-bottle
adhesive system. Quintessence Int 1998 Sep;29(9):
567-72.

6-Silverstone LM, Hicks MJ, Featherstone MJ.
Oral fluid contamination of etched enamel sur-

166

faces: an SEM study. J Am Dent Assoc 1985 Mar;
110(3):329-32.

7-Johnson ME, Burgess JO, Hermesch CB, Bui-
kema DJ. Saliva contamination of dentin bonding
agents. Oper Dent 1994 Nov-Dec;19(6):205-10.
8-Xie J, Powers JM, McGuckin RS. In vitro bond
strength of two adhesives to enamel and dentin
under normal and contaminated conditions. Dent
Mater 1993 Sep;9(5):295-9.

9-el-Kalla IH, Garcia-Godoy F. Saliva contamina-
tion and bond strength of single-bottle adhesive to
enamel and dentin. Am J Dent 1997 Apr;10(2):83-
7.

10-Hansen EK,"Munksgaard EC. Saliva contami-
nation vs. efficacy of dentin-bonding agents. Dent
Mater 1989.Sep;5(5):329-33.

11-Hitmi L, Attal JP, Degrange M. Influence of the
time-point~of salivary contamination on dentin
shear bond strength of 3 dentin adhesive systems. J
Adhes Dent 1999 Autumn;1(3):219-32.

12-Hormati AA, Fuller JL, Denehy GE. Effects of
contamination and mechanical disturbance on the
guality of acid-etched enamel. J Am Dent Assoc
1980 Jan;100(1):34-8.

13-Feigal RJ, Hitt J, Splieth C. Retaining sealant
on salivary contaminated enamel J Am Dent
Assoc. 1993 Mar;124(3):88-97.

14-Swift EJ Jr, Wilder AD Jr, May KN Jr, Waddell
SL. Shear bond strengths of one-bottle dentin ad-
hesives using multiple applications. Oper Dent
1997 Sep-Oct;22(5):194-9.

15-Van meerbeek B, Inoue S, Perdiago J. Enamel
and dentin adhesion. In: Summit J, Robbins JW,
Schwarts RS, editors. Fundamental of operative
dentistry. 2" ed. Illinois: Quintessence Publishing
Co; 2001. pp. 191-4.

16-Vicente A, Mena A, Ortiz AJ, Bravo LA. Water
and saliva contamination effect on shear bond
strength of brackets bonded with a moisture-
tolerant light cure system. Angle Orthod 2009 Jan;
79(1):127-32

17-Barkmeier WW, Cooley RL. Laboratory
evaluation of adhesive systems. Oper Dent 1992;
Suppl 5:50-61.

2008; Vol. 5, No. 4



