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Influence of Blood Contamination on Bond
Strength of a Self-Etching System

Ellen Cristina de Carvalho Mendonca?
Samuel Nilo Vieira®

Fernando Aparecido Kawaguchi©
John Powers¢

Adriana Bona Matos®

ABSTRACT

Objectives: To detect the influence of blood contamination (BC) on the bond strength (BS) of a self-
etching bonding system (SES) to enamel and dentine.

Methods: 25 human molars were longitudinally sectioned on the mesio-distal axis in order to
obtain 50 specimens, which were embedded in acrylic resin. At first, the specimens were ground to
expose a flat surface of enamel, and a bond strength test was performed. Afterwards, the samples
were ground again in order to obtain a flat surface of dentine. Ten groups (total: n=100) were assigned
according to substrate (enamel and dentine), step in the bonding sequence when contamination oc-
curred (before the acidic primer and after the bonding resin), and contamination treatment (dry or
rinse and dry procedure]. Fresh human blood was introduced either before or after SES application
(Clearfil SE Bond) and treated with air drying, or by rinsing and drying following application. Compos-
ite resin (Filtek Z-250,3M ESPE] was applied as inverted, truncated cured cones that were debonded
in tension.

Results: The mean tensile BS values (MPa) for enamel/dentine were 19.4/23.0 and 17.1/10.0 for
rinse-and-dry treatment (contamination before and after SES, respectively); while the measurements
for the dry treatment, 16.2/23.3 and 0.0/0.0 contamination before and after SES, respectively.

Conclusions: It was determined that blood contamination impaired adhesion to enamel and den-
tine when it occurred after bond light curing. Among the tested contamination treatments, the rinse-
and-dry treatment produced the highest bond strength with BC after SES application, but it was not
sufficient to recover the BS in the contamination-free group. (Eur J Dent 2010;4:280-286)

Key words: Blood contamination; Self-etching adhesive; Bond strength; Enamel; Dentine.
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INTRODUCTION

The use of a rubber dam is associated with high
quality patient care and is currently the only way to
achieve the dry field that is mandatory to accom-
plish excellence in composite resin restorations.
However, in some clinical situations, this proce-
dure is not always feasible; for example, when
cavity preparations are located near or under gin-
gival margins,’” and during the restoration of root
and non-carious cervical lesions.® Furthermore,
only about 17%7'° of professionals routinely use
the rubber dam. In this context, the contamination
of the operatory field is a recurrent reality that
emphasizes the value of studies in this area.

The influence of blood contamination on bond
strength can be attributed to its high protein con-
tent that, along with macromolecules such as
fibrinogen and platelets, can form a film on the
dentine surface, obstructing the penetration of the
adhesive system into dentine tubules."

Recent studies'' report that hydrophilic ad-
hesive systems are less sensitive to contamina-
tion with saliva than are hydrophobic bonding
agents. However, the effects of blood contami-
nation on the bond strength of these hydrophilic
adhesive systems have not been entirely clarified.
Additional studies”'719-27 have shown contra-
dictory bonding results; contamination studies
are somewhat difficult to understand due to their
variable experimental design, such as the type of
substrate tested, the particular step in the bond-
ing sequence when contamination occurs, and
the type of treatment that is performed in order
to clean the operatory field; authors® emphasize
that these variables could play an important role
in bonding results. It was observed that the major-
ity of studies regarding blood contamination dur-
ing adhesive procedure are related to the attach-
ment of orthodontic brackets.2¢2425.28-32

Even though some treatments have been pro-
posed in an effort to reverse the contamination
effect - resurfacing with rotary instruments,’ rins-
ing with water followed by air drying,"®'%2 rins-
ing with water plus primer re-application,’? or
re-etching with phosphoric acid''® - conflicting
results were obtained. Hence, new studies are
needed to establish a standard clinical protocol to
counteract the effects of blood contamination. The
demand for clinically simplified application tech-
niques has increased the use of self-etching ad-
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hesive systems; therefore, the aims of this in vitro
study are to determine the bond strength of a two-
step self-etching adhesive to enamel and dentine
in the presence of blood contamination, and to de-
termine which contaminant treatment is capable
of recovering adhesion.

MATERIALS AND METHODS

Twenty-five non-carious human molars were
longitudinally sectioned through the mesio-distal
axis using a low-speed saw (Isomet 1000, Buehler,
Lake Bluff, Ill., U.S.A.); 50 specimens were ob-
tained and embedded in self-curing acrylic resin
(Sampl, Kwick, Buehler). Samples were ground
flat with a series of silicon carbide discs until a
3 mm diameter enamel area was exposed. After
performing an enamel bond strength test, the
specimens were abraded again until the exposition
of a flat superficial dentine surface, after which a
dentine bond strength test was performed.

Specimens were randomly divided into 5
groups (n=10) according to the following factors:
the step in the bonding sequence when contami-
nation occurred (before acidic primer or after
bonding resin), and contamination treatment (dry
or rinse-and-dry). An enamel bond strength test
was performed first, then the tooth surfaces were
ground again in order to expose dentin; finally, a
bonding test protocol was repeated. Table 1 and
Figure 1 present the groups and a summary of the
experimental protocol, respectively.

Fresh capillary blood was collected from the
fingertip of a menopausal female. One drop of
blood was applied directly to the surface of each
specimen, and was left undisturbed for 15 sec-
onds.”

The rinse-and-dry treatment was performed
via water spray 10 cm from the target tissue for 10
seconds," followed by a gentle blast of air until the
substrate was completely dry. Conversely, the blot
dry procedure was performed as a gentle air spray
10 cm from the target tissue for 20 seconds? in
order to produce a dry layer of blood.

A two-step self-etching bonding system
(Clearfil SE Bond, Kuraray, Tokyo, Japan) was ap-
plied as recommended by the manufacturer: the
self-etching primer was applied for 20 seconds
and the surface was gently dried with a mild air
stream. Bonding resin was applied and light-
cured for 10 seconds.
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A 3 mm diameter polytetrafluoroethylene mold
was used to create an inverted, truncated cone
of composite (Filtek Z-250, color A3 - 3M ESPE,
U.S.A.), as described by Barakat and Powers.®? The
composite was inserted in two sections, and each
one was photocured for 20 seconds (Astralis 3,
Ivoclar-Vivadent AG, Liechtenstein). All specimens
were stored at 37°C in water for 24 hour before
testing.

After storage, the specimens were de-bonded
under tension using a universal testing machine
(Model 4440 Instron, Canton, Mass., U.S.A] at
a cross-head speed of 0.5 mm/minute;*® bond
strengths were expressed in MPa. Bond fail-
ure sites were observed under 40x magnifica-
tion (Olympus SZ40) in order to determine failure
modes and were classified as follows: adhesive
(failure between the dental tissue and the adhe-
sive system), cohesive failures within the dental
substrate, and cohesive failures within the resin
composite. Specimens that presented two or more
fracture types were classified as mixed failures.*

RESULTS

Regarding the enamel, the one-way ANOVA
was performed to compare all experimental
groups with the control, and a statistically sig-
nificant difference between the tested groups was
detected (F=47.28 and P<.05). Tukey’'s multiple
comparisons test showed that Groups 1-4 (G1, G2,
G3, and G4) presented the same bonding perfor-
mance. However, G5 showed a statistically signifi-
cant difference in bond strength when compared
to the other experimental groups (Table 2).

Regarding the dentine, one-way ANOVA also
detected a statistically significant difference be-
tween the tested groups (F=64.20 and P<.05).
Tukey’'s multiple comparisons test showed that
G6, G7, and G8 were statistically similar with the
higher bond results, while G demonstrated more
intermediate bond strength than the dentine con-
trol group. G10 showed the lowest bond strength
of all the tested groups (Table 2).

A two-way ANOVA of enamel bond strengths
for tested conditions shows that the factor step
in the bonding sequence when contamination
occurred (before the acidic primer and after the
bonding resin) (F=55.53 and P<.05), the contami-
nation treatment (blot dry or rinse-and-dry treat-
ment) (F=66.46 and P<.05), and their interactions

(F=31.64 and P<.05) were statistically significant.
It was observed that, prior to primer application;
similar results were obtained when the contami-
nation was blot-dried or rinsed then dried. On the
other hand, when contamination treatments were
tested after the bonding resin application, higher
bond strength values were obtained for the rinse-
and-dry cleaning procedure, which were similar
to values observed in the control group (without
contamination).

A two-way ANOVA of the dentine bond
strengths for tested conditions shows that the
factor step in the bonding sequence when con-
tamination occurred (before the acidic primer and
after the bonding resin) (F=262.23 and P<.05), con-
tamination treatment (dry or rinse-and-dry treat-
ment) (F=14.07 and P<.05), and their interactions
(F=23.41 and P<.05) were statistically significant.
Dentine results revealed that before primer ap-
plication, similar values were obtained when the
contamination was blot dried or rinsed then dried.
In contrast, when contamination treatments were
tested after the application of bonding resin, high-
er bond strength values were obtained for the
rinse-and-dry cleaning procedure, although it is
important to note that these values are still lower
than those observed in the control group (without
contamination).

The type of fractures analysis indicated the
prevalence of adhesive and mixed failures (Figure
2).

DISCUSSION

Saliva and blood contamination is a major
clinical problem during restorative dental treat-
ment,'®% especially when rubber dam isolation
is not feasible.131819.2627.3¢ Syph-gingival prepara-
tion margins are considered to be particularly
prone to blood contamination during clinical pro-
cedures,?%® which may lead to microleakage and
secondary caries formation.?

Studies concerning to the effects of different
contaminants - such as, water, saliva, plasma,
handpiece lubricant, eugenol-based cement, and
non-eugenol cement - on the adhesion of bond-
ing agents to dental tissues”!"' show that plasma
lowers both enamel (33%) and dentine (70%) bond
strengths. Authors’® postulate that the protein
content of some contaminants can prevent mono-
mers from penetrating into both enamel reten-
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tions and acid exposed dentine collagen networks,
thus reducing bond strength.

The adhesive system, time points of contami-
nation, substrate type, blood type (fresh or with
anticoagulants), and outcome variables vary in
studies that investigate the effects of blood con-
tamination on adhesive restorations, rendering
comparisons complex and unclear.?3

In this study, freshly drawn blood was used as
the contaminant because previous studies® report
that the addition of an anticoagulant may decrease
bond strength.

Self-etching adhesive systems have become
very popular due to their rapid application; a lower
number of components and operatory steps; the
“no-rinse” concept, which eliminates the prob-

Control Contamination
Groups Groups

| Blood (15s} |
l_l_l

Rinse (10s) and | Dry (20s) |

Dry (20s}
I I

| Primer Application

I I I I
| Bond Application
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Enamel Enamel Enamel
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lem of over-drying or over-wetting the dentine;
a decrease of post-operative sensitivity; and the
technique-sensitivity associated with bonding to
a dehydrated collagen matrix."% When cavity
preparations are restored without the use of a rub-
ber dam, gingival bleeding can occur after rinsing
off the phosphoric acid gel, coincidentally coming
into contact with cavosurface margins; this does
not occur when a self-etch adhesive is used.®

Experimental comparative studies of various
self-etching systems that assess bond strength
demonstrate the superior adhesive performance
of Clearfil SE Bond to enamel and superficial/deep
dentine.?” Thus, an evaluation of blood contamina-
tion effects in this specific adhesive system is fun-
damental.

The majority of enamel studies associated with
blood contamination have evaluated bond strength
for orthodontic purposes; the results are based on
the suggestions of Reynolds*® that minimum bond
strength, between 6 to 8 MPa, was able to with-
stand orthodontic forces. The studies from restor-
ative dentistry disagree, suggesting*' that a bond

G10 0%

20%

m Adhesive  ® Cohesive M Mixed

Figure 1. Schematic representation of the experimental protocol.

Table 1. Experimental groups.

Figure 2. Incidence of the failure mode.

Contamination before SES
(before acidic primer)

Contamination after SES
(after bonding resin)

Substrate No contamination Rinse-and-dry Blot dry Rinse-and-dry Blot dry
Enamel G1 G2 G3 [e7A G5
Dentine G6 G7 G8 G9 G10

Table 2. Tensile bond strengths for tested groups (Mean + SD, MPa). Same letters indicate no statistically significant difference within each row based on Tukey test (P<.05).

Contamination before SES
(before acidic primer)

Contamination after SES
(after bonding resin)

Substrate No contamination Rinse-and-dry Blot dry Rinse-and-dry Blot dry
Enamel G1 G2 G3 G4 G5
(21.0£3.7)A (19.45.0)A (16.2£5.6)A (17.1£2.3)A (0.0£0.0)B
Dentin Gé G7 G8 G9 G10
enine (23.2:6.1)a (23.0t4.1)a (24.3:5.6)a (10.0£2.3)b (0.0+0.0)c
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strength of 17-20 MPa is required to sufficiently
resist contraction forces in order to attain gap-free
margins of resin composite restorations. In this
context, several studies examine blood contamina-
tion, but studies that specifically test self-etching
systems for restorative purpose are limited.""232¢

Enamel results of this study reveal that blood
contamination does not reduce bond strength
when contamination occurs prior to primer ap-
plication, which is in accordance with the findings
of other authors.®32 One explanation for this result
is that the application of self-etch primer cleans
or hydrolyzes blood on the enamel surface.® Pro-
cedures for cleaning blood contamination - blot
dry and rinse-and-dry - produce adhesion that is
similar to that of the control group, suggesting that
the acidic primer itself is able to clean blood from
enamel surface and bond to underlying tissue.

According to our findings, blood contamination
following the application of bonding resin was more
involved:; in order to recover reduced adhesion, it
is imperative to rinse the contaminated enamel
surface with a water spray in order to achieve the
increased adhesion that effectively recovers bond-
ing performance. When the blot dry procedure is
performed, blood appears to be a physical barrier
that impairs the mechanical retention of adhesive
resin.

Our dentine results confirm that when blood
contamination occurred before self-etch primer
application, both the rinse-and-dry and blot dry
techniques do not affect bond strength, which is
in accordance with the findings of other authors.?
It can therefore be suggested, along with the rea-
soning of Oonsombat et al,® that both cleaning pro-
cedures are able to remove blood from the den-
tinal surface and that the acidic primer itself can
clean the blood and bond to the dentine surface.
Conversely, some authors*? believe that when ad-
hesive resin is added to a contaminated surface,
the material’s bond strength may be decreased.

When blood contamination occurs after the
bonding resin has been cured, very different re-
sults were observed. When blood was rinsed away
with water, increased bonding performance was
observed;? it is important to point out, however,
that the rinse-and-dry treatment improves bond-
ing but does not match the values of the control
group. This may be due to the limited total thick-
ness of the bonding resin™ or to the fact that rins-

ing can disrupt the oxygen-inhibited and non-po-
lymerized layer. However, the effects of disruption
of the non-polymerized layer is still unclear."

Our study shows that the blot dry cleaning pro-
cedure results in the worst bonding to dentine,
which was already reported by other authors.’™"
We nonetheless agree that the remaining blood
protein impairs proper adhesion and copolymer-
ization of the adhesive and resin composite.”” Even
when using self-etch adhesive systems, we con-
sider the use of rubber dam essential to success
in clinical procedures. Moreover, other studies
are needed in order to test the efficacy of different
substances that can counteract the deleterious ef-
fect of blood contamination without impairing the
adhesion of self-etching system to the tooth struc-
ture.

CONCLUSIONS

Within the limits of the current investigation,
the following may be concluded:

¢ Blood contamination impairs adhesion of the
two-step self-etching system in enamel and den-
tine.

e The blot dry procedure did not clean the
blood contaminated substrates where bonding
resin was applied.

e The rinse-and-dry treatment proposed in this
study can recover adhesion to enamel prior to the
step in the bonding sequence when contamination
occurred.
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