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Influence of powdered dentin on the shear bond strength of dentin bonding
systems
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This study evaluated the effect of different amounts of dentin powder (DP) mixed in Clearfil SE Bond (CSB) or Single Bond (SB) on
adhesion to dentin. Human third molars (n=96) were sectioned to expose the mid-coronal dentin and divided into eight experimental
groups (n=12 per group), namely, Group 1: CSB, Group 2: CSB+1.5 mg DP, Group 3: CSB+3 mg DP, Group 4: CSB+4.5 mg DP, Group
5: SB, Group 6: SB+1.5 mg DP, Group 7: SB+3 mg DP, and Group 8: SB+4.5 mg DP. Filtek Z250 composite was bonded onto dentin,
and all specimens were subjected to shear bond strength test at a crosshead speed of 1 mm/min. Highest bond strength was obtained
in Groups 1, 2, and 3 (15.1, 13.5, and 16.4 MPa respectively; p>0.05) and the lowest in Groups 6, 7, and 8 (5.5, 5.6, 4 MPa; p>0.05).
DP addition, regardless of amount, adversely affected the bond strength of SB. Bond strength of CSB was not affected when 1.5 or

3 mg of DP was added.
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INTRODUCTION

In today’s dentistry market, contemporary adhesive
systems used in dentistry interact with the enamel/
dentin substrate using one of these two techniques:
etch-and-rinse technique or self-etch technique. Etch-
and-rinse technique is a two-step approach which
removes the smear layer completely? to demineralize
the underlying dentin?. It involves a separate etching
step using 35—37% phosphoric acid followed by a rinsing
step to wash away the etchant from the tooth surface.

The self-etch technique does not require a separate
etching step and a subsequent rinsing step. It is also
called the “etch-and-dry” approach® as the acidic
monomers contained in the self-etch primer need only
to be air-dried after application. With less procedural
steps, the self-etch technique has the advantages of
being less time-consuming, and more importantly, less
technique-sensitive, for the clinicians?. Unlike the etch-
and-rinse adhesive systems, the acidic resin monomers of
self-etch primers/adhesives partially dissolve the smear
layer, penetrate beyond the smear layer to demineralize
the underlying intertubular dentin, and impregnate the
dentinal tubules and collagen fibrils for bonding?.

Both etch-and-rinse and self-etch adhesive systems
create a hybrid layer as a result of the impregnation and
subsequent in situ polymerization of the resin monomers
within the created microporosities in enamel and
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dentin surfaces?. The chemical and physical features
of the hybrid layer are different from the normal tooth
structure: it is partially demineralized and infiltrated
with resin®. With composite resin restorations, forming
a hybrid layer at the resin-dentin interface is essential
as it is key to obtaining proper bonding®”. In the case of
‘mild’ or ‘intermediate’ two-step self-etching adhesives,
the fundamental bonding mechanism of micromechanical
interlocking through hybridization is augmented
with chemical bonding. While all hydroxyapatite is
removed from the hybrid layer in the case of etch-and-
rinse adhesives, chemical bonding is provided through
chemical interaction between the functional monomers
of ‘mild’ or ‘intermediate’ self-etch adhesives and the
residual hydroxyapatite crystals which remain within
the submicron hybrid layer?.

Another striking difference between etch-and-rinse
adhesives and self-etch adhesives is the absence of a
separate acid etching procedure for the latter. Self-etch
primers include a phosphonated resin molecule which
simultaneously etches and primes the tooth structure?.
Moreover, self-etch primers are not rinsed away after
application —permitting further direct interaction
between the acidic functional monomers and the dentin
substrate, and hence continuous demineralization of
dentin®. According to Maeda et al.” and Iwasa et al.'?,
dentin has a strong buffering capacity and modulation
effect against the acidity of self-etch primers. Thus, it
was proposed to incorporate powdered dentin into self-
etching primers®!? to neutralize any continuing etching
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activity of the acidic functional monomers, which would
jeopardize adhesion''?,

To improve bonding strength, fillers have been
added to adhesives to increase the thickness of the
hybrid layer and to reinforce the hybrid layer against
thermal and mechanical stresses'®??. Thus, it was also
highly anticipated that dentin powders incorporated in
adhesives might act as fillers to increase hybrid layer
thickness and improve bond strength to dentin.

The objective of this study was to evaluate the effect
of different amounts of dentin powder mixed in two-
step self-etch and etch-and-rinse adhesive systems on
adhesion to dentin. The hypotheses tested were that
incorporation of dentin powder in adhesive systems
would increase the (1) hybrid layer thickness and (2)
bond strength of composite resins to dentin.

MATERIALS AND METHODS

Materials

The brands, chemical compositions, and manufacturers
of the two adhesive systems and composite resin used in
this study are listed in Table 1.

Dentin powder preparation

Non-carious human third molars (n=10) were sectioned
transversely to remove occlusal enamel and expose
the coronal dentin. Two sieve meshes (Fritsch, Markt
Einersheim, Germany), with 52-uym-diameter and
25-pum-diameter holes, were placed on the top and bottom
surfaces respectively. The exposed dentin surfaces were
abraded with a diamond bur under water-cooling above
these meshes. Dentin powder particles ranging between
25 and 52 um accumulated at the bottom mesh. Dentin
powder was placed in a separate holder and dried at
room temperature for 24 h before use.

Table 1

Experimental groups

A total of 96 non-carious human third molars were used
to prepare dentin specimens for bonding to a composite
resin. Each tooth was sectioned transversely using a
diamond bur under water-cooling to expose the mid-
coronal dentin. Dentin surfaces were ground wet with
600-grit silicon carbide paper. The center of the dentin
surfaces of all specimens, limited to 4 mm in diameter,
was designated as the bonding area. All dentin specimens
were randomly divided into eight experimental groups
(n=12 per group) as follows:

Group 1: One coat of Clearfil SE Bond (Kuraray,
Tokyo, Japan; CSB) was applied on the
dentin surface according to manufacturer’s
instructions and photopolymerized for
10 s using a light-emitting diode (LED)
polymerization unit (Elipar FreeLight, 3M
ESPE, St. Paul, MN, USA; light output:
400 mW/cm?).

Group 2: Clearfil SE Primer was applied to the
center of the dentin surface for 20 s and
gently air-dried. 1.5 mg of dentin powder,
weighed using a scale (Sartorius AG,
Goettingen, Germany), was added to 0.1
mL of CSB adhesive and mixed together
using a motorized mixer (Magnetic Stirrer,
NUVE MK 418, Ankara, Turkey). Dentin
powder-containing adhesive was applied on
dentin, air-thinned, and photopolymerized
using the LED unit for 10 s.

Group 3: The same procedure for Group 2 was
carried out for this group. This time, 3 mg
of dentin powder was added to CSB.

Group 4: The same procedure for Group 2 was
carried out for this group. This time, 4.5
mg of dentin powder was added to CSB.

Adhesive systems and composite resin used in this study

Brand (Type)

Chemical composition

Manufacturer

Primer: 10-MDP!, HEMA?, water, hydrophilic
dimethacrylate, camphoroquinone, p-toluidine

Clearfil SE Bond
(Two-step self-etch adhesive)

Adhesive: Bis-GMA?®, MDP, HEMA,
hydrophilic dimethacrylate,

Kuraray, Tokyo, Japan

camphorquinone, p-toluidine,
silanated colloidal silica

Adhesive: bis-GMA, HEMA, silane-treated silica,

Single Bond
(Two-step total-etch adhesive)

water, ethyl alcohol, glycerol 1,3-dimethacrylate,
copolymer of acrylic and itaconic acids,

3M ESPE, St. Paul, MN, USA

diurethane dimethacrylate

Silane, bisphenol A polyethylene glycol diether

Filtek Z250
(Hybrid composite)

dimethacrylate, diurethane dimethacrylate,
bisphenol A diglycidyl ether dimethacrylate,

3M ESPE, St. Paul, MN, USA

triethylene glycol dimethacrylate, water

110-MDP: 10-methacryloyloxydecyl dihydrogen phosphate
2HEMA: 2-hydroxyethyl methacrylate
3 Bis-GMA: bisphenol A glycidyl methacrylate
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Group 5: Single Bond (3M, St. Paul, MN, USA; SB)
was used according to manufacturer’s
instructions. Dentin surface was etched
with 35% phosphoric acid gel for 15 s,
rinsed with water, and gently blot-dried
using a cotton pellet.

Group 6: Dentin was etched as described for Group
5. 1.5 mg of dentin powder was added to
0.1 mL of SB adhesive and mixed together
using the motorized mixer. Dentin powder-
containing adhesive was applied on dentin,
air-thinned, and photopolymerized using
the LED unit for 10 s.

Group 7: The same procedure for Group 6 was
carried out for this group. This time, 3 mg
of dentin powder was added to SB.

Group 8: The same procedure for Group 6 was
carried out for this group. This time, 4.5
mg of dentin powder was added to SB.

After dentin conditioning, a polyethylene mold (4 mm
diameter, 3 mm height) was positioned at the center of
the dentin surfaces, i.e., the designated bonding area,
of all the specimens. A hybrid composite (Filtek Z250,
3M ESPE) was packed into the polyethylene mold and
photopolymerized using the LED unit for 20 s.

Shear bond strength test

Ten teeth from each group were embedded in acrylic
blocks and subjected to shear bond strength test in a
universal testing machine (Elista, istanbul, Turkey) at a
crosshead speed of 1 mm/min. A chisel-shaped shearing
blade, which applied the shearing force, was positioned as
close as possible to the resin-dentin interface. Maximum
load (N) for debonding was recorded and divided by the
contact surface area to determine the bond strength in
mega pascals (MPa).

Table 2 Mean and standard deviation (£SD) values of
shear bond strength (MPa) based on two adhesive
types with or without dentin powder incorporation

at different amounts

Experimental group Shear bond strength (MPa)

1 15.1+£1.22¢
13.5+2.72¢
16.4+4.7°
9.9+4.5P¢
12.6+4¢
5.5+3.64
5.6+ 2.2¢

o = O Ot kW N

4+ 1.6¢

Different small superscript letters indicate statistically
significant differences (p<0.05).

Failure analysis

After debonding, the dentin surfaces were observed
using a stereomicroscope (SZ-PT, Olympus, Tokyo,
Japan) at x30 magnification to determine the failure
modes. Failure modes were categorized as: (a) Adhesive
(Score 0); (b) Cohesive in dentin (Score 1); (c) Cohesive in
composite (Score 2); and (d) Mixed (Score 3: combination
of Score 0 and Score 2).

Hybrid layer analysis

The remaining two teeth from each group were sectioned
perpendicularly to the bonding interface between the
composite and dentin using a low-speed wheel saw under
water. The sections were sequentially wet-polished
using 600-, 1000-, and 1200-grit silicon carbide papers.
Then, they were etched with 37% phosphoric acid for
5 s, rinsed with water, and treated with 5% sodium
hypochlorite (NaOCL) for 10 min. After rinsing and
air-drying, each section was sputter-coated with gold for
scanning electron microscope (SEM) analysis. Hybrid
layer thickness was measured at five locations on each
section, and the mean thickness was calculated.

Statistical analysis

Statistical analysis was performed using SPSS System
11.0 for Windows (SPSS Inc., Chicago, IL, USA). Bond
strength data (MPa) were subjected to two-way analysis
of variance (ANOVA). Multiple comparisons were
performed using the Tukey’s test (¢=0.05) with bond
strength as the dependent variable and adhesive type
(two levels) and dentin powder amount (three levels) as
the independent variables. P values less than 0.05 were
considered to be statistically significant.

Table 3 Distribution of failure types per group in

percentage
Groups Score 0 Score 1 Score 2 Score 3
1 50 10 10 30
2 70 - - 30
3 80 - - 20
4 60 - - 40
5 50 10 20 20
6 60 - - 40
7 50 - - 50
8 50 - - 50

Score 0: Adhesive; Score 1: Cohesive in dentin; Score 2:
Cohesive in composite; Score 3: Mixed (combination of Score
0 and Score 2).
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(a) Group 1. Hybrid layer was approximately 1.1+0.1 um thick. Long resin tags could be observed with
no distortions or separation zones at resin-dentin interface.

(b) Group 2. Hybrid layer was approximately 1.3+0.1 pm thick. No resin tags could be observed, but
resin-dentin interface showed no distortions or separation zones.

(c) Group 3. Hybrid layer was approximately 2.4+0.4 um thick. No resin tags could be observed, but
resin-dentin interface showed no distortions or separation zones.

(d) Group 4. Hybrid layer was approximately 4.5+0.6 um thick. Note the absence of resin tags. Resin-
dentin interface showed no distortions or separation zones.

Hybrid layer (arrow); D: Dentin; C: Composite; H: Hybrid layer; R: Resin Tags.

RESULTS

Shear bond strength

Statistical analysis revealed that adhesive type (p<0.005)
and dentin powder amount (p<0.005) had significant
effects on shear bond strength. Interaction between
these two factors was also significant (p=0.151).

Table 2 shows the shear bond strengths of all the
experimental groups in this study. Highest bond
strength was obtained in Groups 1, 2, and 3 (15.1, 13.5,
and 16.4 MPa respectively; p>0.05) and the lowest in
Groups 6, 7, and 8 (5.5, 5.6, 4 MPa; p>0.05). Dentin
powder addition, regardless of amount, adversely
affected the bond strength of SB. Bond strength of CSB
was not affected when 1.5 or 3 mg of dentin powder was

added, but 4.5 mg addition significantly reduced its bond
strength.

Failure modes

Failure analysis revealed that adhesive failure (Score 0:
50 to 80%) was the predominant failure mode for all the
experimental groups (Table 3). Only in Groups 1 and 5
were cohesive failure in dentin (Score 1: 10% and 10%
respectively) and cohesive failure in composite (Score
2: 10% and 20% respectively) observed. The rest of the
failures were of the mixed type (Score 3).

Hybrid layer thickness
For Group 1 (Fig. 1(a)), mean hybrid layer thickness
was 1.1+0.1 pm with the presence of long resin tags.
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Fig. 2 SEM micrographs (xX500) of:

(a) Group 5. Hybrid layer was approximately 2.1+0.3 um pm thick. Resin tags could be observed with no
distortions or separation zones at resin-dentin interface.
(b) Group 6. Hybrid layer was approximately 3.6+0.4 um thick. Long distortions and separation zones

were observed at resin-dentin interface.

(¢) Group 7. Hybrid layer was approximately 3.5+0.2 thick. Resin tags were evident, but resin-dentin

interface also showed separation zones.

(d) Group 8. Hybrid layer was approximately 4.7+0.6 um thick. Note the absence of resin tags. Resin-
dentin interface showed distortions or separation zones.
Hybrid layer (arrow); C: Composite; D: Dentin; H: Hybrid layer; R: Resin Tags; S: Separation zone or

distortion.

No distortions or separation zones were observed at the
resin-dentin interface for this group. For Groups 2, 3,
and 4 (Figs. 1(b)—(d)), hybrid layer thicknesses were
1.3+0.1, 2.4+0.4, and 4.5+0.6 pm respectively without
the presence of resin tags. Similarly, no distortions
or separation zones were observed at the resin-dentin
interface.

For Group 5 (Fig. 2(a)), hybrid layer thickness was
2.1+0.3 pm with the presence of resin tags. For Groups
6, 7, and 8 (Figs. 2(b)—(d)), hybrid layer thicknesses were
3.6+0.4, 3.5+0.2, and 4.7+0.6 um respectively. In these
dentin powder-containing SB groups, many separation
zones were observed at the resin-dentin interface.

DISCUSSION

Despite significant improvements in adhesive dentistry,
the adhesive-dentin interface remains the weakest
link for tooth-colored restorations. In the oral cavity,
polymerization shrinkage of composite resins, occlusal
chewing forces, and incessant expansion and contraction
stresses due to temperature changes are a constant
threat to the interface stability?"??.

In our quest to reinforce the hybrid layer and hence
improve the adhesion of adhesive resins to dentin,
different amounts of dentin powder were added to self-
etch and etch-and-rinse adhesive systems in this study.
Bond strength results were either not significantly
different from or lower than the control groups where
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no dentin powder was added. Therefore, the hypothesis
which stated that incorporation of dentin powder in
adhesive systems would increase the bond strength of
composite resins to dentin could not be accepted.

Clearfil SE Bond, which contained
10-methacryloyloxydecyl dihydrogen phosphate (10-
MDP), was used as a mild self-etch adhesive (pH 2)
in this study. MDP is generally considered to be a
favorable acidic functional monomer as it contains
two hydroxyl groups that chelate with calcium ions of
hydroxyapatite to form chemical bonds?. Yoshida et
al.? reported that a strong chemical bond produced by
10-MDP to a hydroxyapatite plate could resist ultrasonic
cleaning, even though it was only after a short 30-s
application. However, these acidic functional monomers
that modify the smear layer and demineralize dentin are
not rinsed off after application. This means prolonged
contact of the acidic functional monomers with the
dentin substrate, and hence prolonged demineralization
of dentin®. Besides, incomplete resin infiltration was
observed in some self-etch adhesives due to the reduced
etching potential of acidic monomers toward the base of
hybrid layers?®. The presence of an acidic environment
and non-polymerized acidic monomers could perpetuate
dentin demineralization even beneath the hybrid layer??.
Thus, these zones are potential sites of bond degradation
at the adhesive-dentin interface.

Maeda et al.” reported that dentin powder (particle
size<60 pm) had a strong buffering capacity against the
acidity of self-etching primers because their pH values
significantly increased, ranging from 6.95 to 7.37, after
mixing with dentin powder. Similarly, Iwasa et al.'?
reported that after adding dentin powder to single-
step self-etch adhesives, their pH values significantly
increased, ranging from 6.30 to 7.11. In the case of
Clearfil SE Bond, an insoluble precipitate was formed,
indicating a chemical reaction between the functional
monomer and dentin powder —which comprised
hydroxyapatite and type I collagen®?. It was thus
suggested that a possibility of chemical interaction
between the functional monomers of self-etch adhesives
and residual hydroxyapatite could help to prevent bond
degradation and improve bonding performance.

In this study, different amounts of dentin powder (1.5
mg, 3 mg, and 4.5 mg) were added to etch-and-rinse and
self-etch adhesive systems. Addition of dentin powder
at any amount significantly reduced the bond strength
of etch-and-rinse adhesive. In the case of self-etch
adhesive, 1.5 mg and 3 mg of dentin powder addition did
not significantly reduce the bond strength, but 4.5 mg of
dentin powder caused a significant reduction. It could
be because when the powder and adhesive were mixed
together, resin monomers first penetrated the dentin
powder particles and continued further penetration into
the demineralized dentin. Consequently, the expected
neutralization effect of dentin powders was reduced.

In a previous study, AH Plus and Hybrid Root SEAL
were mixed with dentin powders to improve their bonding
to root dentin?. However, dentin powder incorporation
had a negative effect on the shear bond strength of

AH Plus, although it did not significantly affect the
bond strength of Hybrid Root SEAL compared to the
non-powder mixed version. Similarly, in this study,
dentin powder addition did not lead to any significant
improvements in bond strength. Taking together the
results of the previous study?” and this study, it seemed
that the duration of the neutralizing effect of dentin
powders after mixing with adhesive requires further
investigation.

Apart from bond strength, failure modes were also
assessed in this study. In Groups 1 to 6, adhesive failure
accounted for 50 to 80% of the failures. In Groups 1
and 5 only (i.e., adhesives without dentin powder
addition), cohesive failures in the composite or dentin
were observed. The thicker hybrid layers in the dentin
powder-containing adhesive groups might have absorbed
part of the shear stress and reduced the stress at the
resin-dentin interface. Findings of this study showed
that powdered dentin, regardless of amount, did not
positively impact the bond strength of composite resins
to dentin, but affirmatively increased the hybrid layer
thickness for both types of adhesive systems. Therefore,
the hypothesis that incorporation of dentin powder in
adhesive systems would increase hybrid layer thickness
could be accepted.

Hybrid layer thickness was approximately 1.1+0.1
um for Clearfil SE Bond without dentin powder addition.
A homogeneous hybrid layer was observed when 1.5 and
3 mg of dentin powder were added, and hybrid layer
thickness increased to 4.5+0.6 um when 4.5 mg of dentin
powder was added. In Groups 1 to 4, no distortions or
separation zones were seen at the resin-dentin interface.
For Single Bond, hybrid layer thickness increased from
2.1+0.3 pm (without dentin powder addition) to 4.7+0.6
pm when 4.5 mg of dentin powder was added. However,
distortions and separation zones were frequently
observed at the resin-dentin interface when dentin
powder was added to Single Bond.

The long-term stability of adhesive restorations
depends not only on the thickness of the hybrid layer,
but also on the quality of the hybrid layer to be devoid
of distortions and separation zones. In this study, the
durability of the thicker hybrid layers created by dentin
powder-containing adhesives could not be justified
as they were not investigated under mechanical or
hydrothermal aging conditions. This is one aspect that
certainly requires further research.

Additional studies are also needed to evaluate
the effect of dentin powder incorporation on the
polymerization shrinkage of adhesive systems. Despite
the many issues that still need to be investigated and
concerns to be addressed, the use of natural substances
(versus synthetic materials) brings new insights to the
field of dentin bonding. In this respect, the findings
of this study could serve as pilot observations and a
platform upon which novel strategies for stable and
efficient dentin bonding could be realized.
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CONCLUSIONS

Within the limitations of this study, the following
conclusions were drawn:

D

2)

3)

4)

5)

6)

7

8)

9)

10)

1. Two-step self-etch adhesive system showed
significantly ~ higher  bond  strength to
demineralized dentin than etch-and-rinse
adhesive system.

2. Addition of dentin powder to etch-and-rinse
adhesive (Single Bond) adversely affected bond
strength.

3. Addition of 1.5 and 3 mg of dentin powder did not
significantly affect the bond strength of self-etch
adhesive (Clearfil SE Bond), but 4.5 mg of dentin
powder addition significantly reduced its bond
strength.

4. Dentin powder addition increased the hybrid
layer thickness for both types of adhesive systems
tested.
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