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The Microhardness of Bleached Dentine and its
Bond Strength to a Dentine Bonding Agent
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Abstract - The aim of this study was to measure the bardness of a bleached dentine surface and its bond strength

to a dentine-bonding agent. Thirty teeth were randomly divided into a test and control group. The teeth were hemi-
sectioned, the cut surfaces ground flat and the test surfaces bleached with a 10% aqueous solution of carbamide
peroxide continuously for 4 days. Hardness was determined using a Vickers microbardness test. The bond between
Coltene ‘One Coat Bond’ and bleached and unbleached dentine was evaluated by measuring shear bond strength
using an Instron machine. The mean hardness of dentine before and after bleaching was 62.5 (10.2) and 53.6 (7.3)
and this difference was statistically different (b<0.001). For the controls immersed in water the hardness was before
60.8 (standard deviation: 7.2) and after 59.6 (8.2) respectively. The mean shear bond strength for the unbleached
was 5.5MPa (1.6) and for the bleached samples was 3.3MPa (1.8) and this difference was statistically significant
(0<0.002). Under these study conditions the Vickers hardness and bond strength to dentine was reduced by bleaching.
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INTRODUCTION

Improving the appearance of vital teeth with bleaching is
well recognized. The consequences and sequelae of vital
bleaching has been investigated and reported particularly
with regard to the safety issues ' 2. The effects of 10%
aqueous carbamide peroxide on enamel has been widely
reported using scanning electron microscopy ?, hardness
testing * and shear bond strengths . The consensus be-
ing that any changes to the enamel surface is likely to be
transient and provided bonding is delayed for at least 24
hours there should be no detriment to the survivability of
the restoration '. However, there has been comparatively
little research on the effects of 10% carbamide peroxide
on dentine.

The techniques used to test hardness and bond strength
vary between laboratories. The Vickers hardness test is a
recognized method for measuring enamel or dentine but
the machine was predominantly designed for materials
other than teeth. Despite these difficulties the method has
been widely reported ® 7. The possibility that bleaching
might influence bond strength to enamel was reported
by Haywood et al °. The authors suggested that a residual
peroxide layer on enamel or oxygen from the hydrogen
peroxide interfered with the polymerization of the resin
and so reduced the bond strength. Since the time of that
publication, dentine bonding agents have developed.
Again, there is little information on the consequences of
bonding to bleached dentine. There is some suggestion
that a reduction in hardness occur ¢ but generally little
change probably occurs on the surface .
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Dentine bonding agents link hydrophobic resins to the
hydrophilic dentine surface. They form this bond partly
from micromechanical retention and hybrid layer ®. Manu-
facturers use different ways of forming this link. Some use
volatile primers to treat the dentine surface whilst others
incorporate water based materials to form the link between
dentine and the composite. One coat bond has been
comprehensively investigated and has shown comparable
performance to other bonding systems 1,

The aim of this study was to investigate the effect of
bleaching, with a 10% aqueous solution of carbamide
peroxide, on the hardness and the tensile bond strength to
dentine. The null hypothesis is that bleached dentine has
a similar bond strength and microhardness as unbleached
dentine.

METHOD AND MATERIALS

Thirty intact, caries-free teeth were collected, cleaned and
sectioned longitudinally along the mesio-distal plane to
form two halves of a tooth. Each half was labelled and
the randomly assigned to the test or control groups. All
sections were then embedded in self curing resin® and the
cut surfaces ground with 240 and 600 grit silicone carbide
papers until flat. The coronal surfaces of each specimen
were inspected under a confocal microscope to ensure
that the resin did not penetrate the dentine surface. The
paired sections were randomly assigned to two further
groups, 15 pairs for hardness testing and the remainder
for bond strength assessment. The teeth were kept in dis-
tilled water at room temperature between investigations
to prevent dehydration. The dentine surfaces of the test
sections were immersed in a 10% bleaching gel® at pH 7,
for 9 hours periods over 4 days. Sufficient bleaching gel
was used during each immersion to completely cover the
dentine sections. At the end of each session the sections
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were washed with distilled water and re-immersed. A new
bleaching agent was used after each immersion period.
The control samples were immersed in distilled water for
the same period.

Hardness was assessed using a Vickers Hardness testerc.
Three indentations were made in dentine with a 500g load
for 10 seconds. The horizontal and vertical planes sections
were measured and used to calculate the hardness of
each indentation using calibration tables supplied by the
manufacturer. A mean of the three indentations was used
to calculate the hardness for that specimen.

The bond strengths between adhesives and the dentine
were assessed with an Instron Universal testing machine.

Dentine samples were etched using 15% Phosphoric acid
for 30 seconds, the tooth rinsed for 20 seconds and dried
for a further 2 seconds using a 3 in-1-syringe as per the
manufacturer’s instructions. One coat bond® was then ap-
plied to the dentine for 20 seconds followed by a further
2 seconds of drying. The bonding agent was light cured
for 30 seconds and Herculite XRV! built up by incremental
curing to a 2mm long, 7mm diameter, standard shape us-
ing a silicone matrix. Each specimen was subject to one
100 N load with a cross head speed of 0.5mm/min at the
composite/dentine interface until failure. Paired t-tests
were used to compare the data for hardness and bond
strengths.
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Figure 1. Mean microhardness (standard deviation and 95% confidence intervals
for the mean) of test dentine (Column 1) and control dentine (Column 2) and after
immersion in carbamide peroxide (Column 3) or in water (Column 4).
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Figure 2. Bond strength (MPa) of dentine before and after bleaching.
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RESULTS

The mean Vickers hardness of dentine (Figure 1) before
and after bleaching were 62.5 (SD 10.2) and 53.6 (7.3) and
for the unbleached controls before and after immersion
in water was 60.8 (7.2) and 59.6 (8.2) respectively. There
was no difference between the test and control before
treatment (p=0.4), but hardness was significantly reduced
after treatment (p<0.001). The mean shear bond strength
(Figure 2) for the unbleached control was 5.5MPa (1.6)
and for the bleached samples 3.3MPa (1.8). This differ-
ence, representing a 31% reduction in bond strength, was
statistically significant (p<0.002).

DISCUSSION

The results of the hardness testing support previous work
on enamel in that the hardness of dentine is affected by
the bleaching process !. The reduction in hardness may
result from the interaction between the hydrogen perox-
ide and the organic component of the dentine. This may
alter the physical consistency of the dentine and provide
a more elastic surface to the indentation from the Vickers
machine. Demineralization of the tooth surface by a low
pH solution would also affect the hardness value but the
gel in this study was at neutral pH. A previous study has
reported that hardness values return to the pre-bleached
values after 14 days re-hydration 2.

Microhardness was determined using the Vickers equip-
ment or Knoop have been reported to measure dentine
hardness and followed previously published protocols *.
The hardness testing revealed a reduction between the
baseline and the bleached samples and follow a similar
pattern to other investigations on dentine '. What effect
saliva would have the hardness is not possible to predict
as this was not done in this study. But some rehardening
or repair of the surface might have been expected if saliva
had been used .

Another aspect of the study design was that the effects of
salivary remineralisation were not investigated. Clinically,
saliva will continually bathe the dentine surface throughout
any bleaching process and this may have influenced any
results. Some information about the behavior of saliva on
bleached dentine can be gained from previous investiga-
tions. Attin et al > showed a reduction in enamel hardness
after bleaching returned to near normal levels following
application of fluoride. Josey et al '° and Murchison et al *
used artificial saliva as a storage media in their studies to
try and evaluate the potential for remineralisation follow-
ing exposure to bleaching agents and to try and replicate
the in vivo situation. Both studies found no significant
difference between shear bond strengths of bleached and
unbleached enamel.

The effect on the bond strength has clinical relevance. One
study reported a similar proportional reduction in bond
strength to dentine for ‘Single Bond” and Z100 (3M prod-
ucts, UK) after bleaching . Molla et al '® reported higher
bond strengths (19-39.9MPa) for unbleached dentine than
we have reported in this study. This may reflect the different
testing regimes and nature of the teeth used in the studies.
The authors also used a wider diameter composite cylinder
bonded to the dentine which accounts for the difference
in bonding values. Sengun et al ' suggested that sclerotic

and demineralized dentine may be responsible for reduced
bond strengths. The age and history of the teeth used in
this study were unknown and there is a possibility that
this factor may have influenced the results.

Every effort was made to standardise the cylinders of com-
posite. The same silicone cylinder was used for each test.
Some flexure of the long cylinder may have influenced the
results but the length used in this study is less than that
reported by others . In so much as could be controlled
the study design was kept as tightly controlled as possible
to ensure that the same environment was present for each
test. Perhaps repeated bond strengths on a number of
samples may have been feasible but the previously bonded
surface would need re sanding and therefore producing
an unlike sample to the others. Finally, the samples were
stored dry between the testing and the bonding but the
time interval was very short, and almost instantaneous. It
might have been interesting to investigate the influence
of re-hydration either with saliva or water on the dentine
following the bleaching to investigate this effect.

The results of this study, using paired samples from the
same tooth, suggest that bleaching reduces the bond
strength of a well known modern dentine bonding agent.
The clinical implication of this is that extra caution should
be shown when bonding to bleached dentine particu-
larly if bonding occurs immediately after any bleaching
is completed. Clinically, it remains a challenge to ensure
the optimum bond between bleached dentine and a resin
composite. More research is needed to evaluate the effect
of time on this bond.
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