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Objective: To evaluate the influence and effectiveness of the salivary decontamination pro-

tocol after polymerization of a universal adhesive on dentin adhesive strength, after 24 hours 

and 6 months of ageing. 

Methods: Fifty intact molars were sectioned in order to obtain two slices of dentin from each 

tooth. In all specimens except the control group (C – no contamination), after applying and 

light-curing the adhesive system (Scotchbond Universal), the adhesion surface was contam-

inated with human saliva, and was then subjected to a decontamination method that dif-

fered between groups (W – decontamination with water; W+A – decontamination with wa-

ter and reapplication of adhesive; E – decontamination with ethanol; E+A – decontamination 

with ethanol and reapplication of adhesive). Shear bond strength was tested at 24 hours and 

6 months of aging, until fracture, and the failure mode was observed. Data were statistical-

ly analyzed using non-parametric Mann-Whitney and Kruskal-Wallis tests (α=0.05). 

Results: At 24 hours of aging, the decontaminant (p=0.289) and the reapplication of the ad-

hesive (p=0.072) did not influence the adhesive strength values, and all contaminated groups 

obtained significantly (p<0.05) lower adhesive strength values than the control group. At 6 

months, the reapplication of the adhesive (W+A and E+A) provided increased adhesion 

values (p=0.001), but no differences were observed between the decontaminants (p=0.314). 

Only the W+A group yielded a statistically (p=0.376) similar value to the control group. 

Conclusion: When there is salivary contamination of the adhesion area after polymerization 

of the universal adhesive tested, water decontamination should be performed followed by a 

reapplication of the adhesive.  (Rev Port Estomatol Med Dent Cir Maxilofac. 2019;60(2):51-58)
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r e s u m o

Efeito do protocolo de descontaminação salivar na adesão à dentina  
com um adesivo universal

Palavras-chave:

Descontaminação

Adesão à dentina

Contaminação salivar

Resistência adesiva ao corte

Adesivo universal

Objetivo: Avaliar a influência e eficácia do protocolo de descontaminação salivar após poli-

merização de um adesivo universal na resistência adesiva à dentina, após 24 horas e 6 

meses de envelhecimento. 

Métodos: Cinquenta molares íntegros foram seccionados, de forma a obter duas fatias de 

dentina por dente. Com exceção do grupo controlo (C – sem contaminação), após aplicação 

e polimerização do sistema adesivo (Scotchbond Universal), foi realizada contaminação da 

superfície de adesão com saliva humana seguida de descontaminação, de acordo com o 

grupo experimental [W – descontaminação com água, W+A – descontaminação com água 

seguida de reaplicação do adesivo, E – descontaminação com etanol, E+A – descontaminação 

com etanol seguida de reaplicação do adesivo]. Foram realizados testes de resistência ade-

siva a tensões de corte, às 24 horas e aos 6 meses, até à fratura, e o tipo de falha de união 

foi observado. Os resultados obtidos foram sujeitos a testes não-paramétricos de Mann-

-Whitney e Kruskal-Wallis (α=0,05).

Resultados: Às 24 horas, o descontaminante (p=0,289) e a reaplicação do adesivo (p=0,072) 

não influenciaram os valores de resistência adesiva, e todos os grupos com contaminação 

obtiveram valores de resistência adesiva inferiores (p<0,05) ao grupo controlo. Aos 6 meses, 

a reaplicação do adesivo (W+A e E+A) permitiu aumentar os valores de adesão (p=0,001) e 

não se observaram diferenças entre os descontaminantes (p=0,314). Apenas o grupo W+A 

permitiu obter valor estatisticamente semelhantes (p=0,376) ao grupo controlo. 

Conclusão: Quando existe contaminação salivar da área de adesão após a polimerização do 

adesivo universal testado, deverá ser realizada descontaminação com água seguida de rea-

plicação do adesivo.  (Rev Port Estomatol Med Dent Cir Maxilofac. 2019;60(2):51-58)

© 2019 Sociedade Portuguesa de Estomatologia e Medicina Dentária.  

Published by SPEMD. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction

Since the introduction of adhesive techniques in dentistry, 
one of the most frequent concerns has been to obtain a com-
pletely dry field, so that the adhesive procedures are per-
formed in ideal conditions. The salivary contamination dur-
ing the adhesive protocol leads to increased microleakage 
and decreased bond strength, causing reduced longevity of 
composite resin restorations.1-3 One way to minimize the risk 
of saliva contamination is reducing the clinical steps of adhe-
sive systems, such as self-etch systems.4

The current adhesive systems are classified based on the 
number of clinical steps and the way they interact with the 
substrate, namely with the smear layer. Thus, there are three-
step and two-step etch-and-rinse systems, which include a 
previous application of phosphoric acid and remove the 
smear layer; and two-step and one-step self-etch systems, 
which only modify the permeability of the smear layer.5,6 In 
the last decade, universal adhesive systems have been devel-
oped, giving great versatility and freedom of choice for the 
clinician.7 Universal adhesives can be used according to the 
etch-and-rinse, self-etch or selective etch strategies and in 
several substrates, such as enamel, dentin, ceramic or metal.8 
In these systems, functional monomers of 10-methacrylox-
ydecyl dihydrogen phosphate (10-MDP) that allow chemical 

bonding to the calcium of hydroxyapatite are generally used, 
making it possible to create a stable adhesive interface over 
time.9,10 Simplified adhesive systems, including universal ones, 
allow an easier handling protocol, with fewer steps and a less 
sensitive procedure.11

Since the adhesion to dentin is very complex, the literature 
is quite controversial regarding the effect of contamination on 
this substrate.11,12 The decrease in bond strength after contam-
ination has been correlated to the type of adhesive system, to 
the stage of the procedure in which the contamination occurs 
and to the type of contaminant, i.e., blood or saliva.13 The lit-
erature agrees that blood contamination results in lower ad-
hesive strength values than salivary contamination. A reason 
for that difference might be the presence of platelets and fi-
brinogen capable of forming a film on the surface of the tooth, 
which compromises the adhesion phenomenon.14,15

There is no consensus about the best protocol to use in 
case of contamination during the application of an adhesive 
system.16,17 If the contamination occurs before the applica-
tion of the primer, the saliva will occlude the micro-reten-
tions created by the acid, subsequently interfering with the 
penetration of the adhesive and resulting in a decreased 
mechanical retention.18 On the other hand, if contamination 
occurs before polymerization, solvents such as acetone can 
be used as decontaminants because of their ability to remove 
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unpolymerized monomers.19 However, if contamination oc-
curs after polymerization of the adhesive, the salivary gly-
coproteins will attach to the previously polymerized adhe-
sive structure, forming a barrier that prevents the 
copolymerization of the composite resin, thus affecting the 
quality of adhesion.20

The main objective of this study is to evaluate the influ-
ence of two saliva decontamination protocols on the adhesive 
strength of a composite resin to dentin at 24 hours and 6 
months after the adhesion procedure, according to the follow-
ing null hypotheses: 1) Saliva contamination followed by de-
contamination does not influence the bond strength results; 
2) The decontamination protocol does not influence the bond 
strength results.

Materials and Methods

This study was approved by the ethics committee of the Fac-
ulty of Dental Medicine, University of Lisbon. The teeth were 
collected without identification of the donors. They were 
stored for one week in a 1% chloramine solution at 4 °C and 
then moved to distilled water until use (ISO / TS 11405/2015).

The sample size (n=10) was estimated with a power anal-
ysis based on a pilot study in order to provide statistical sig-
nificance (=0.05) at 80% power.21 One hundred dentin slices 
were obtained from 50 human molars and randomly assigned 
to ten experimental groups to evaluate the influence of the 
decontamination protocol (decontaminant / adhesive reappli-
cation) on the shear bond strength (SBS), 24 hours and 6 
months after the adhesion procedure (Figure 1).

Three longitudinal cuts were made in the vestibular-lin-
gual direction of the crowns in order to remove the interprox-
imal enamel and obtain two dentin slices from each tooth. The 
cuts were made with a diamond precision saw (Isomet™ Dia-

mond Wafering Blades, 15 HC, reference 11-4244, Buehler, Illi-
nois, USA) mounted on a microtome (Isomet 1000 precision 
saw, Buehler, Illinois, USA). A smear layer was created by pol-
ishing with a 400-grit silicon carbide sandpaper for 5 seconds 
under water irrigation.22 The dentin surface was covered with 
a perforated self-adhesive tape (Glossy White, Xerox, Con-
necticut, USA) in order to standardize a 3-mm diameter area 
for adhesion. A universal adhesive (Scotchbond Universal Ad-
hesive, 3M ESPE, Maplewood, MN, USA; Lot 3184625; Val: 
2019/06) was actively applied over the dentin, in the self-etch 
mode, by rubbing it in for 20 seconds, drying it with a gentle 
airstream for 5 seconds and light-curing it for 10 seconds 
(Bluephase 20i, Ivoclar Vivadent, Schaan, Liechtenstein; 1250 
mW/cm2), following the manufacturer’s instructions.

In all groups, except the control (C), the specimens were 
then contaminated with saliva for 5 seconds.17 The saliva was 
collected from a healthy male donor in the morning and be-
fore any food intake.23 Subsequently, the following four de-
contamination protocols were carried out in different exper-
imental groups: W) Decontamination with water and no 
reapplication of the adhesive, by washing the contaminated 
surface with running distilled water for 10 seconds and air 
drying it for 5 seconds; W+A) Decontamination with water 
followed by reapplication of the adhesive, by washing the con-
taminated surface with running distilled water for 10 seconds, 
air drying it for 5 seconds and reapplying the universal adhe-
sive, which was then light-cured; E) Decontamination with 
ethanol and no reapplication of the adhesive, by actively ap-
plying 70% ethanol on the contaminated surface with a mi-
crobrush for 10 seconds and drying it for 5 seconds; E+A) De-
contamination with ethanol followed by reapplication of the 
adhesive, by actively applying 70% ethanol on the contami-
nated surface with a microbrush for 10 seconds, drying it for 
5 seconds and reapplying the universal adhesive, which was 
then light-cured.

Figure 1. Experimental design (n=10)
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After the adhesive protocol, two 2-mm increments of a 
nanohybrid composite resin (Tetric Evoceram, Ivoclar Viva-
dent, Schaan, Liechtenstein; Lot V17575; Val 2020/04), shade 
A3.5, were then applied and light-cured for 20 seconds each.

Half of the specimens of each group were stored in distilled 
water at 37 °C for 24 hours before testing. The other 50 speci-
mens were immersed in sodium azide solution (pH≈7) at 37 °C 
and aged for 6 months. The antibacterial solution was changed 
monthly.

The SBS tests were performed with a single-plane lap de-
vice in a universal testing machine (Instron, model 4502, se-
ries # H3307 – Instron Ltd, Bucks, England) with a load cell of 
1 KN and a crosshead speed of 1 mm/min, until failure. The 
fracture surface was analysed with a stereomicroscope (Mei-
ji Techno Co., model EMZ-8TR, series No. 41179, Saitama, Ja-
pan) under a magnification of 20X. The failure mode was clas-
sified as “adhesive” when it occurred at the resin/dentin 
interface; “cohesive” when it was exclusive to the dentin or 
composite resin; or “mixed” when it had a combination of the 
two previous types.24

Data were analyzed using IBM SPSS Statistics, version 
21.0 (SPSS Inc., Chicago, Illinois, USA). Since the Shap-
iro-Wilk and Levene’s tests (p<0.05) revealed no normality 
and homogeneity, SBS data were analyzed with Mann-Whit-
ney and Kruskal-Wallis non-parametric statistical tests. The 
failure mode was analyzed statistically using the chi-square 
test. A statistical significance of α=0.05 was considered for 
all tests.

Results

The median SBS values, at 24 hours, ranged from 14.6 MPa, in 
group E, to 37.3 MPa, in group C (Table 1). At 6 months, the 
median ranged between 2.9 MPa, in group W, and 18.8 MPa, in 
group C (Table 1).

A statistically significant (p<0.001) decrease of the bond 
strength was observed throughout the aging period.

At 24 hours of aging, all the experimental groups where 
contamination occurred showed a significant (p<0.05) de-
crease in SBS results, compared to the control group (Figure 2). 
However, no statistically significant (p=0.289) differences were 

Table 1. Descriptive analysis of the SBS results and failure mode

Time
Experimental 

group

SBS (MPa)
Failure mode

N (%)

Mean
(SD)

Median 
(IIQ)

Adhesive Mixed Cohesive

24 hours C
W

W+A
E

E+A

38.5 (8.63)
12.9 (6.90)
19.3 (6.38)
17.7 (8.84)
21.0 (9.56)

37.3 (11.38)
14.8 (11.55)
21.1 (12.88)
14.6 (17.71)
23.7 (17.94)

4 (40)
9 (90)
9 (90)
7 (70)
3 (30)

6 (60)
1 (10)
1 (10)
3 (30)
6 (60)

0 (0)
0 (0)
0 (0)
0 (0)

1 (10)

6 months C
W

W+A
E

E+A

19.1 (5.24)
3.1 (1.59)
11.0 (3.66)
3.1 (2.22)
7.9 (4.62)

18.8 (10.10)
2.9 (2.52)

10.3 (6.60)
3.3 (4.14)
8.5 (5.98)

7 (70)
10 (100)
8 (80)

10 (100)
9 (90)

3 (30)
0 (0)

2 (20)
0 (0)

1 (10)

0 (0)
0 (0)
0 (0)
0 (0)
0 (0)

C – control group, without contamination; W – Decontamination with water; W+A – Decontamination with water and reapplication of the 
adhesive; E – Decontamination with ethanol; E+A – Decontamination with ethanol and reapplication of the adhesive

Figure 2. Box plot of shear bond strength (SBS),  
at 24 hours of aging, comparing the different 
experimental groups to control (C – control group,  
without saliva contamination; W – Decontamination with water; 
W+A – Decontamination with water and reapplication of the 
adhesive; E – Decontamination with ethanol; E+A – Decontamination 
with ethanol and reapplication of the adhesive; Significant 
differences were observed between control and experimental groups 
marked with *; p<0.05)

Figure 3. Box plot of shear bond strength (SBS),  
at 24 hours of aging, comparing decontaminants  
(water vs. ethanol; p=0.289)
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found between the decontaminant agents (Figure 3), and the 
reapplication of the adhesive did not statistically (p=0.072) in-
fluence the bond strength (Figure 4).

At 6 months of aging, only the group W+A yielded similar 
statistical results to group C (p=0.376) (Figure 5). Although no 
statistically significant differences (p=0.314) were detected 
between the decontamination agents (Figure 6), the speci-
mens where the reapplication of the adhesive was per-
formed showed statistically (p<0.001) higher bond strength 
results than the specimens with no adhesive reapplication 
(Figure 7).

The failure mode was predominantly adhesive (65%), and 
no statistically significant differences (p=0.677) were found.

Discussion

The salivary contamination was responsible for the decrease 
in the SBS results, at both 24 hours and 6 months of aging. 
Thus, the first null hypothesis was rejected. Similar results 
had been observed in previous studies.12,15

Regarding the saliva decontamination agent, no differences 
were identified between water and ethanol either at 24 hours 
or at 6 months of aging. Also, no differences were detected 
between experimental groups (excluding the control group) 
at 24 hours. However, the same tendency was not verified af-
ter 6 months of aging, as the reapplication of the adhesive 
promoted higher SBS values. Thus, the second null hypothe-
sis was also rejected.

Saliva is one of the sources of contamination during restor-
ative treatments. It consists mainly of water, but also has mac-
romolecules, electrolytes and organic particles.25 The water 
present in the saliva, as well as the salivary glycoproteins, have 

Figure 5. Box plot of shear bond strength (SBS),  
at 6 months of aging, comparing the different 
experimental groups to control (C – control group,  
without saliva contamination; W – Decontamination with water; 
W+A – Decontamination with water and reapplication of the 
adhesive; E – Decontamination with ethanol; E+A – Decontamination 
with ethanol and reapplication of the adhesive; Significant 
differences were observed between control and experimental 
groups marked with *; p<0.05)

Figure 4. Box plot of shear bond strength (SBS),  
at 24 hours of aging, comparing adhesive reapplication 
vs. no reapplication (p=0.072)

Figure 6. Box plot of shear bond strength (SBS),  
at 6 months of aging, comparing decontaminants  
(water vs. ethanol; p=0.314)

Figure 7. Box plot of shear bond strength (SBS),  
at 6 months of aging, comparing adhesive reapplication 
vs. no reapplication (p<0.001)
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been pointed out as the main factors for the reduction of the 
adhesion to dentin.12,26,27 In some in vitro studies, artificial 
saliva is used as a contaminant.28,29 However, the properties of 
these solutions are not equal to human saliva and may intro-
duce some errors. In order to simulate the conditions of the 
oral cavity, human saliva was used in this study.

The SBS assay was chosen because it allows an easy prepa-
ration of the specimens and a technically simple and predict-
able execution.30-33

Other studies have also shown a decrease in the bond 
strength of the Scotchbond Universal adhesives over time, es-
pecially if applied in the self-etch mode.34 The degradation of 
the adhesive interface, especially in simplified systems, has 
been associated with its hydrophilic characteristics that allow 
a great absorption of water.35,36 Although there is not much 
evidence in the literature about the effect of contamination 
and subsequent decontamination methods on adhesion pro-
moted by universal adhesives, it can be inferred that the pres-
ence of saliva accelerates the degradation process of the ad-
hesive interface, because it behaves as semipermeable 
membranes, even after polymerization.37

According to the manufacturer, the Scotchbond Universal 
adhesive system is tolerant of small amounts of saliva before 
the application of the adhesive. This feature may be explained 
by the several components in its composition that may render 
it less susceptible to moisture. These components include 10-
MDP monomers, which decrease the susceptibility to hydroly-
sis; an optimized amount of hydrophilic 2-hydroxyethyl meth-
acrylate (HEMA) monomers, which promote adhesion to wet 
substrates; and a Vitrebond™ copolymer, which has been as-
sociated with increased bond strength on wet substrates in 
several adhesives.38-40

One-bottle adhesives have been considered to be more re-
sistant to moisture due to their hydrophilic properties and 
their acidic capacity that allows the breakdown of saliva mu-
copolysaccharides.39 Also, they generally include solvents such 
as ethanol or acetone, capable of denaturing salivary glycopro-
teins, thus reducing the negative effect of contamination.41 
However, this higher tolerance seems to be dependent on the 
phase of the adhesive procedure in which the contamination 
occurs.2,42

The decrease in bond strength has been explained by the 
physical barrier caused by the impregnation of salivary glyco-
proteins in the adhesive layer, which is poorly polymerized 
due to inhibition by oxygen.8,43,44 Thus, the presence of mac-
romolecules may prevent the infiltration of the monomers into 
the collagen network when contamination occurs before the 
application of the adhesive or lead to a reduced wetting of the 
composite resin when it occurs after polymerization of the 
adhesive.17 In addition, the water incorporated in this newly 
polymerized layer of adhesive may interfere with the copoly-
merization of the subsequent composite resin.45

Since ethanol can promote a greater dispersion of the wa-
ter and has disinfectant properties, it could be advantageous 
for the decontamination of a surface contaminated with sali-
va, promoting superior adhesive forces. However, this influ-
ence was not verified in this study, since no differences were 
found between saliva decontamination with water or ethanol, 
either at 24 hours or at 6 months of aging.

Regarding the reapplication of the adhesive, no differenc-
es between reapplying it or not were found at 24 hours. How-
ever, after 6 months of aging, the groups where the adhesive 
was reapplied showed higher bond strength than those in 
which it was not; even so, this did not allow to re-establish 
bond strength, as has been reported.1,46,47 The reapplication 
of the adhesive increases the adhesive thickness and pro-
motes a lower hydrolytic degradation potential over time.37 

Reapplying the adhesive will probably provide a new layer of 
free bonding monomers with a capacity of chemical bonding 
to the above restorative resin, thus increasing the quality of 
the adhesion.

Most failures occurred between the adhesive and the com-
posite resin, as expected, since SBS values generally decline 
after salivary contamination.

Further studies with other adhesive systems should be 
performed in the future to verify if they also show an advan-
tage of reapplying the adhesive under salivary contamination 
conditions. Also, another type of assay, such as nanoleakage, 
may be performed to evaluate the permeability of the adhesive 
interface under the studied conditions.

Conclusion

In the conditions of the present study, the contamination 
with saliva, after light-curing the Scotchbond Universal Adhe-
sive, caused a decreased bond strength of the composite resin 
to dentin at 24 hours, regardless of the decontamination pro-
tocol used. However, saliva decontamination with water fol-
lowed by adhesive reapplication yielded similar bond strength 
values than non-contaminated specimens, at 6 months of 
aging.
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