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Effect of different methods for creating smear layer on
fluid movement across resin/dentin interfaces created by
a current self-etching adhesive
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Objective: The purpose of this study was to evaluate fluid movement across resin/dentin interfaces created by
a current self-etching adhesive applied onto dentin with different prepared smear layer.

Materials and Methods: Dentin discs were prepared from extracted third molar and divided into 2 groups of
smear layer-cover dentin discs created with either 360-grit silicon carbide paper or superfine grit diamond bur.
For SEM investigation, smear layer free specimens by treating with 17% EDTA for 5 min and smear layer covered
specimens were observed. The hydraulic conductance model was set and delivers the pressure of 20 cmH,O
for all measurement. For measurement of maximum permeability, fluid filtration rate of smear layer free specimens
were measured in the hydraulic conductance model. Then, smear layer was created with either silicon carbide
paper or diamond bur and the fluid filtration rate was measured. The relative smear layer coverd dentin
permeability (%P) was calculated. The smear layer covered specimens were further treated with a universal
adhesive. The fluid infiltration rate and the relative bonded dentin permeability of bonded dentin were also
measured and calculated.

Results: The results of SEM observation demonstrated 1-2 microns thick of smear layer covered both dentin
prepared with diamond bur and silicon carbide paper. There was no significant difference between specimens
prepared with silicon carbide paper and diamond bur in the aspect of fluid infiltration rate of smear layer covered
dentin and fluid filtration rate of bonded dentin. The difference of %P of smear layer coverd dentin and
%P of bonded dentin between dentin prepared with diamond bur and silicon carbide paper could not found.
Conclusions: In conclusion, the fluid movement across resin/dentin interfaces created by application of
the universal adhesive was not interfered by different methods for creating smear layer.
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Smear layer created by cavity preparation
consists of a mixture of enamel, dentin or cementum,
contaminating blood, saliva and microorganism. [1]
The presence of smear layer on a dentin surface
occludes the underlying dentinal tubules and
reduces dentinal permeability. [2] According to
previous studies, the presence of the smear layer
provided the adverse effect to the bond strength.
Therefore, the smear layer should be modified,
removed or impregnated to optimize the resin-dentin
bond interface. [3-5]
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Surface preparation methods create different
characteristics of smear layer. [6] In laboratory
testing, SiC papers produce thick smear layer with
irregular surfaces, while clinically, dental burs produce
thin and dense smear layer. [5-7] The different of
smear layers has been reported affecting the
bond strength of self-etching adhesives. [5-10]

Currently, the most simplified system, a one-
step self-etch adhesive has been developed by
incorporating priming and bonding resin into
a single solution to reduce the step of application
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and technical sensitivity. [11-12] Despite the
benefit of the less application’s time, these one-step
self-etch adhesives demonstrate highly hydrophilicity
even after polymerization. [13] Additionally, the
cured surface of one-step self-etch adhesives
contain a high concentration of ionic monomer,
water, and dissolved mineral. [13] Thus, these
simplified adhesives exhibit high water sorption
and permeability. [13, 14]

The nanoleakage caused by the hydrophilicity
of adhesive has been demonstrated. It presented
of water-filled channel within the hybrid and
adhesive layers. These channels allow water
movement from the underlying hydrated dentin
through hybrid and adhesive layer that cause
degradation of resin/dentin interface. [15-16]

There was a limited data regarding the
effect of the different smear layer preparation on
the water movement across resin/dentin interfaces
especially when current self-etching adhesives
were applied. [17,18] The knowledge regarding to
this effect might have a benefit to predict the
sustainability of resin/dentin interface via the study
of resin/dentin permeability with different smear
layer creation.

The objective of this study was to evaluate
the fluid movement across resin/dentin interfaces
created by a current self-etching adhesive applied
onto dentin with different smear layer preparation.

Materials and Methods

Eighteen caries-free human third molars
were collected under a protocol approved by
the Faculty of Dentistry/Faculty of Pharmacy,
Mahidol University Institutional Review Board.
The teeth were stored in 0.1% thymol solution at
4°C for less than one month. Eighteen dentin discs
from middle 1/3 of coronal dentin were prepared
by two slices cutting perpendicular to the crown,
with approximately 1 mm thickness. Each disc
was polished with 360-grit silicon carbide papers
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(Buehler, lllinois, USA) to produce a dentin disc
that has a thickness of 0.7-0.8 mm, which were
calibrated by a pincer-type caliper (Mitutoyo,
Tokyo, Japan).

Smear layer-covered dentin discs were
created using 2 different surface preparations
(N=9): 360-grit silicon carbide paper and flame-
shaped superfine grit diamond burs (Diamond
Point FG, Shofu, Kyoto, Japan). For silicon carbide
prepared surface, dentin discs were manually
polished with 360-grit SiC paper (25.8 microns
abrasive) at a constant weight for 30 sec under
running water. For diamond bur prepared surfaces,
dentin discs were grinded with flame-shaped
superfine grit diamond burs (25 microns abrasive)
utilized with a high-speed handpiece (Twinpower
Turbine, J Morita, Kyoto, Japan) including copious
water spray for 5 light pressure strokes in order to
create a uniform surface.

Four smear layer covered specimens
from either dentin prepared with diamond bur
or dentin prepared with silicon carbide paper
were randomly taken and treated with 17% EDTA
(ethylenediaminetetraacetic acid) for 5 min.
A transverse groove with 0.3 mm in depth was
created on the pulpal side of every specimen
using a flame-shaped superfine grit diamond
burs (Diamond Point FG, Shofu, Kyoto, Japan).
The specimens were further divided into 2 subgroups.
Two specimens from the first subgroup were re-created
smear layer with either diamond bur or silicon
carbide paper and used as smear layer covered
dentin observation. Two remaining specimens of
the second subgroup were used as smear layer
free dentin observation. The dentin discs were
fixed in 2.5% glutaraldehyde in 0.1 M sodium
cacodylate buffer at pH 7.4 at 4°C for 12 h, then
rinsed with 20 ml of 0.2 M sodium cacodylate
buffer at pH 7.4 for 1 h. Then, all dentin discs were
rinsed with distilled water for 1 min, dehydrated in
ascending grades of ethanol: 25% for 20 min;
50% for 20 min; 75% for 20 min; 95% for 30 min;
and 100% for 60 min. After that, the discs were
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immersed in hexamethyldisilazane (HMDS,
Sigma Chemical Co., St Louis, MO, USA) for 10 min
and then left drying in desiccator for 24 h.
Ultimately, the discs were fractured into 2 halves
and sputter coated with gold. The surface topography
and thickness of the smear layer on dentin surfaces
were observed under a scanning electron microscope
(SEM, JSM-6610LV, JEOL LTD, Tokyo, Japan).

Five specimens from either dentin prepared
with diamond bur or dentin prepared with silicon
carbide paper were used for the permeability
measurement. The smear layer was first removed
by rinsing with 17% EDTA for 5 min. The fluid filtration
rate of each EDTA-treated specimen was calculated
and designated as a value of 100% or initial
maximum permeability. Then the smear layer on
the dentin surfaces was re-created with the
methods as described above. The permeability of
smear layer coverd dentin discs were then
measured. Furthermore, the smear layer coverd
dentin disc was treated with a universal adhesive
resin (Single Bond Universal, 3M ESPE, St.Paul,
MN, USA) with self-etch mode and the permeability
was also measured. The compositions and pH
values of this adhesive are shown in Table 1. The
adhesive was applied and rubbed for 20 sec
according to the manufacturer’s protocol onto
smear layer covered dentin under simulated
pulpal pressure. Gently air dry for 5 sec and
light-activated for 10 sec by using an LED light-
curing unit with a power intensity of 1,200 mW/cm?
(LED Bluephase, Ivoclar Vivadent, Schaan,
Liechtenstein) at a distance of 2 mm from the
bonding surface. All measurments were performed
under simulated pulpal pressure of 20 cmH,O.
The method for simulating pulpal pressure was
described as following.

Each specimen was attached to a custom-made
artificial pulp chamber with the infusion area of
0.196 cm®. The artificial pulp chamber was
connected to a hydraulic conductance device
(tubing pump, ISMATEC®, Wertheim, Germany)
that delivers the pressure of 20 cmH,O during the
measurement of the dentin permeability (Figure 1).

Water Container
20 cm above surtace of tooth

Tooth disc

Tubing pump Capillary tabe
1

Air bubble

I

Figure 1 Schematic showing the hydraulic conductance

model use in this study.

This hydraulic conductance model imitated
the protocol proposed by Pashley and Stewart. [19]
Furthermore, this model was modified by adding
the infusion pump to mimic the movement of the
blood from human blood flow. The procedures
start with creating an air bubble in the capillary
tube, which was positioned between the water
reservoir and the dentin disc in the artificial pulp
chamber. The infusion pump that was set the fluid
flow rate at 0.36 microlitre /min was activated. The
picture of air bubble was recorded by a digital
camera at 0 minute and 10 minutes. Then the
distance of air bubble movement in the capillary
tube (volume: 50 pL, total length: 125 mm) from
2 pictures was analyzed and measured with
Imaged software (NIH Image, Bethesda, Maryland,
USA). The fluid filtration rate of each specimen

Table 1 Chemical composition, pH and source of adhesives were used in this test
Adhesive Chemical composition pH value
Single Bond Universal MDP Phosphate Monomer, Dimethacrylate resins, HEMA, 2.7

(3M ESPE, St.Paul, MN, USA)

Vitrebond™ Copolymer, Filler, Ethanol, Water, Initiators, Silane
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after treated with EDTA, created smear layer with
either diamond bur or silicon carbide paper and
treated with the adhesive were calculated using
the following equation:

The distance of air bubble (mm) x 50 (uL)
125 (mm) x 10 (min)

The fluid filtration rate =

In adddition, the permeability as the relative
smear layer coverd dentin permeability (%SMP) of
specimen was calculated using the following
equation:

Fluid filtration rate of smear layer coverd dentin
%SMP = — - x 100
Fluid filtration rate of EDTA-treated dentin

The permeability from this equation means the
smear layer coverd dentin relative to its maximum
EDTA-treated permeability, with each tooth acting
as its own control.

The relative bonded dentin permeability
(%BP) was also calculated using the following
equation.

%BP Fluid filtration rate of bonded dentin 100
= X
° Fluid filtration rate of EDTA-treated dentin

The means and standard deviations of fluid
infiltration rate and relative permeability (%SMP
and %BP) were analyzed using Kolmogorov
Smirnov test (K-S test) to determine the distribution of
the data and Levene’s test to test the homogeneity
of variance. The difference of means between
groups were further analyzed using independent T
test with a significance level of o = 0.05.

Results

SEM observation showed that dentin prepared
with either diamond bur or 360-grit silicon carbide
paper demonstrated plenty of grooves, scratches,
and was covered with a visible smear layer with
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some evidence of dentinal tubules occluded by
smear plugs (Figure 2 and Figure 3). The thickness
of smear layer was approximately 1-2 microns for
both dentin prepared with diamond bur and silicon
carbide paper. Dentinal tubules, which were
apparently occluded by smear plugs, were
relatively more evident in the silicon carbide paper
than in the diamond group. On the other hand,
dentin treated with the EDTA had no evidence of
smear layer or smear plug.

Diamond Bur
V103 INOYQIM

V103 WM

v.1a3inoyim

—
@
a
@
a
)
9
£
@
o
C
<]
2
=

V103 WM

Figure 2 SEM images of dentin surfaces after prepared
with either diamond bur or silicon carbide
paper with or without EDTA treatment at X500

and x2,000 magnification
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Figure 3 SEM images of dentin top surfaces after

prepared with either diamond bur or silicon
carbide paper with or without EDTA treatment
at x1,000 and x2,000 magnification

The means and standard deviations of fluid
infiltration rate of dentin disc after treated with
EDTA, created smear layer with either diamond
bur or silicon carbide paper and treated with the
adhesive are demonstrated in Table 2.

From statistical analysis of the data within
the same column, no statistically significant
differences were found. The maximum permeability
was found for the smear layer removal group by

treating with 17% EDTA for 5 min groups. The maximum
fluid infiltration rate between diamond bur group
and silicon carbide group were not significant
different (p=0.57) with the rate of 0.610 + 0.196
microlitre/min and 0.680 + 0.173 microlitre/min,
respectively. The reduction of fluid infiltration rates
was found after smear layer creating. The fluid
infiltration rates of smear layer covered dentin
created by diamond bur and silicon carbide were
0.060 £ 0.007 microlitre/min and 0.081 £ 0.032
microlitre/min, respectively. Therefore, no statistical
significance was found between both groups
(p=0.22). After treatment with a universal adhesive
(Single Bond Universal), dentin discs showed
reduction of fluid infiltration rate comparing
with smear layer covered dentin. No statistical
significance of infiltration rate was found (p=0.10)
between after application of adhesive onto smear
layer covered dentin created by diamond bur
(0.039 £ 0.010 microlitre/min) and silicon carbide
paper (0.051 £ 0.011 microlitre/min).

The means and standard deviations of %SMP
(smear layer-coverd dentin permeability compared
with EDTA treated dentin permeabilty) and %BP
(bonded dentin permeability compared with EDTA
treated dentin permeabilty) were calculated and
showed in Table 2. No statistical differences were
found between group prepared with diamond bur
and with silicon carbide paper for both %SMP
(p=0.48) and %BP (p=0.67). Thus, %BP was less
than %SMP.

Table 2 Means and standard deviations of fluid infiltration rate of dentin disc (uL/min) after treated with EDTA,
created smear layer with either diamond bur or silicon carbide paper and treated with the adhesive.

EDTA
Diamond bur 0.610 £ 0.196
Silicon carbide paper 0.680 £0.173

Smear layer Adhesive
0.060 + 0.007 0.039+0.010
0.081 +0.032 0.051 £ 0.011

Table 2 Means and standard deviations of relative permeability of dentin disc.

%SMP (Smear layer / EDTA)
10.40 £ 2.90

Diamond bur

Silicon carbide paper

12.46 £5.44

%BP (Bonded dentin / EDTA)
6.76 £ 2.52
7.51+£2.79
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Discussion

From previous studies, the higher cutting
speed of diamond burs produced dense and thin
layer whereas the smear layers created by SiC
paper were thicker but loosely organized that
affected the bond strength. [5, 7, 20] Additionally,
the effect of the residual of smear layer after
application of self-etching adhesive adhesives
especially from the surfaces with thick smear layer
has been reported. [21] However, the smear layer
created by both 360-grit SiC paper with 25.8
microns abrasive and superfine grit diamond
burs with 25 microns abrasive produced the same
characteristic of smear layer with well organize
thin layer. This result was different from previous
finding that showed the difference of smear layer
characteristic between the preparation with
diamond bur and silicon carbide paper. [5, 7, 18]
The difference of testing conditions, burs, silicon
carbide papers and force might affect to the
difference of results. However, the effect of smear
layer to bond strength has been reported which
to be adhesive dependence. [22, 23]

The maximum permeability of dentin was
observed when the dentin was treated with EDTA.
From this study, after EDTA treatment, SEM images
showed clear tubular structures of dentin without
any smear layer or smear plug and the maximum
fluid infiltration rate was about 0.610 - 0.680
microlitre/min. The reduction of fluid infiltration
through dentin disc was observed after creating
of smear layer with both diamond bur and silicon
carbide paper. The fluid infiltration rate of smear
layer covered dentin was reduced to the rate of
about 0.060 — 0.081 microlitre/min. This was
corresponding to the %SMP (smear layer/EDTA)
that showed the reduction of permeability to
10.40-12.46% comparing to EDTA treated dentin.
The reduction of permeability regarding to smear
layer coverage are in the line with the study by
Yiu and co-worker reported that the permeability
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of smear layer covered dentin varied from 9-11%
of acid etched dentin. [24]

When the smear layer covered specimens
were bonded with Single Bond Universal under
a pulpal pressure of 20 cmH, O, the fluid movement
of the specimens measured following bonding
was 0.039 + 0.01 microlitre/min for the group that
smear layer was created by diamond bur and
0.051 £ 0.01 microlitre/min for the group that
smear layer was created by silicon carbide paper
without any significant difference. These fluid
movement of specimens after adhesive application
was less than that of smear layer covered specimens.
Although, the adhesive resins apparently bonded
to dentin, fluid flow was still recorded through the
bonded interfaces. These fluid movements might be
large enough to contribute to degradation of resin/
dentin interfaces. [25] Therefore, the application of
this universal adhesive could reduce the permeability
with maximal permeability of EDTA treated dentin
about 92.49-93.24% as demonstrated in Table 2.
This result might provide higher leakproof than in
a previous study reported by Suaro S and co worker.
[18] They reported the 73.6-88.8% reduction of
dentin permeability when the previous generation
one-step self-etch adhesives was applied onto
EDTA treated dentin under 20 cmH,O of pulpal
pressure. The reducing tendency of dentin
permeability after adhesive application was
observed. This result might be caused by the
improvement of current universal adhesives.

The imperfect sealing ability of current adhesive
resins still be found in this study that confirmed
results of several previous studies. Our results
confirmed those studies with the additional
demonstrating the influence of pulpal pressure on
resin/dentin adhesion. [27,28]

The result from this study revealed that the
different method for creating smear layer did not
affect the fluid movement across resin/dentin
interfaces created by a universal adhesive. Thus,
the researcher can choose the preferred method
to produce the smear layer in the permeability
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testing. For future study, other parameters like
different application modes of dental adhesive or
different type of universal adhesives could be
investigated that might have an affect on the resin/
dentin permeability.

Conclusions

Different methods for creating smear layer
did not affect the fluid movement across resin/dentin
interfaces created by application of a universal
adhesive. In addition, the application of the
adhesive could reduce the dentin permeability
when comparing with the smear layer covered dentin.

References

1. Eick JD, Wilko RA, Anderson CH, Sorensen SE.
Scanning electron microscopy of cut tooth surfaces
and identification of debris by use of the electron
microprobe. J Dent Res 1970; 49: 1359-68.

2. Sekimoto T, Derkson GD, Richardson AS. Effect of
cutting instruments on permeability and morphology
of the dentin surface. Oper Dent 1999; 24: 130-6

3. Pashley DH, Carvalho RM. Dentine permeability and
dentine adhesion. J Dent 1997; 25: 355-72.

4. Senawongse P, Srihanon A, Muangmingsuk A,
Harnirattisai C. Effect of dentine smear layer on the
performance of self-etching adhesive systems:
A micro-tensile bond strength study. J Biomed Mater
Res B Appl Biomater 2010; 94: 212-21.

5. Saikaew P, Senawongse P, Chowdhury AA, Sano H,
Harnirattisai C. Effect of smear layer and surface
roughness on resin-dentin bond strength of
self-etching adhesives. Dent Mater J 2018; 37: 973-80.

6. Reis A,Grandi V,Carlotto L,Bortoli G,Patzlaff
R,Rodrigues Accorinte  MdL, Dourado Loguercio A.
Effect of smear layer thickness and acidity of
self-etching solutions on early and long-term bond
strength to dentin. J Dent 2005; 33: 549-59.

7. Sattabanasuk V, Vachiramon V, Qian F, Armstrong
SR. Resin-dentin bond strength as related to different
surface preparation methods. J Dent 2007; 35: 467-75.

8. Mine A, De Munck J, Cardoso MV, Van Landuyt KL,
Poitevin A, Van Ende A, Matsumoto M, Yoshida Y,

10.

11.

12.

13.

14.

15.

16.

18.

19.

20.

Kuboki T, Yatani H, Van Meerbeek B. Dentin-smear
remains at self-etch adhesive interface. Dent Mater
2014, 30: 1147-53.

Kenshima S, Reis A, Uceda-Gomez N, Tancredo Lde L,
Filho LE, Nogueira FN, Loguercio AD. Effect of smear
layer thickness and pH of self-etching adhesive
systems on the bond strength and gap formation to
dentin. J Adhes Dent 2005; 7: 117-26.

Yiu CK, Hiraishi N, King NM, Tay FR. Effect of dentinal
surface preparation on bond strength of self-etching
adhesives. J Adhes Dent 2008; 10: 173-82.

Sofan E, Sofan A, Palaia G, Palaia G, Tenore G,
Romeo U, Migliau G. Classification review of dental
adhesive systems: from the IV generation to the
universal type. Ann Stomatol (Roma) 2017; 8: 1-17.
Van Meerbeek B, Yoshihara K, Yoshida Y, Mine A,
De Munck J, Van Landuyt KL. State of the art of
self-etch adhesives. Dent Mater 2011; 27: 17-28.
Tay FR, Pashley DH. Have dentin adhesives become
too hydrophilic? J Can Dent Assoc 2003; 69: 726-31.
Ito S, Hashimoto M, Wadgaonkar B, Svizero N,
Carvalho RM, Yiu C, Rueggeberg FA, Foulger S,
Saito T, Nishitani Y, Yoshiyama M, Tay FR, Pashley
DH. Effects of resin hydrophilicity on water sorption
and changes in modulus of elasticity. Biomaterials
2005; 26: 6449-59.

Tay FR, Pashley DH, Yoshiyama M. Two modes of
nanoleakage expression in single-step adhesives. J
Dent Res 2002; 81: 472-6.

Tay FR, King NM, Chan K-M, Pashley DH. How can
nanoleakage occur in self-etching adhesive systems
that demineralize and infiltrate simultaneously?
J Adhes Dent 2002; 4: 255- 69.

. Hashimoto M, lto S, Tay FR, Svizero NR, Sano

H, Kaga M, Pashley DH. Fluid movement across
the resin-dentin interface during and after bonding.
J Dent Res 2004; 83: 843-8.

Sauro S, Pashley DH, Montanari M, Chersoni S,
Carvalho RM, Toledano M, Osorio R, Tay FR, Prati C.
Effect of simulated pulpal pressure on dentin permeability
and adhesion of self-etch adhesives. Dent Mater 2007 ;
23:705-13.

Pashley D.H., Stewart F.P., & Galloway S.E. Effects of
air-drying in vitro on human dentine permeability.
Arch Oral Biol 1984; 29: 379-83.

Oliveira SSA, Pugach MK, Hilton JF, Watanabe LG,
Marshall SJ, Marshall Jr GW. The influence of the
dentin smear layer on adhesion: a self-etching primer
vs. a total-etch system. Dent Mater 2003; 19: 758-67.

http://www.dt.mahidol.ac.th/division/th_Academic_Journal_Unit 67



Kraisorn Arsathong, et al

21.

22.

23.

24.

Inoue H, Inoue S, Uno S, Takahashi A, Koase K, Sano H.
Microtensile bond strength of two single-step adhesive
systems to bur-prepared dentin. J Adhes Dent 2001;
3: 129-36.

Ogata M, Harada N, Yamaguchi S, Nakajima M,
Pereira PNR, Tagami J. Effects of different burs on
dentin bond strengths of self-etching primer bonding
systems. Oper Dent 2001; 26: 375-82.

Ogata M,Harada N,Yamaguchi S,Nakajima M,Tagami J.
Effect of self-etch-ing primer vs phosphoric acid
etchant on bonding to bur-prepared dentin. Oper
Dent 2002; 27: 447-54.

Yiu CKY, Hiraishi N, Chersoni S, Breschi L, Ferrari M,
Prati C, King NNM, Pashley DH, Tay FR. Single bottle
adhesives behave as permeable membranes after
polymerization. Il. Differential permeability reduction
with an oxalate desensitiser. J Dent 2006; 34: 106-16.

68 M Dent J 2020 August; 40 (2): 61-68

25.

26.

27.

28.

Tay FR, Pashley DH. Water-treeing: a potential
mechanism for degradation of dentin adhesives.
Am J Dent 2003; 16: 6-12.

Itthagarun A, Tay FR, Pashley DH, Wefel JS, Garcia-
Godoy F, Wei SHY. Single-step, self-etch adhesives
behave as permeable membranes after polymerization.
Part Ill. Evidence from fluid conductance and artificial
caries inhibition. Am J Dent 2004; 17: 394-400.
Bouillaguet S, Duroux B, Ciucchi B, Sano H. Ability of
adhesive systems to seal dentin surfaces: an in vitro
study. J Adhes Dent 2000; 2: 201-8.

Ozok AR, De Gee AJ, Wu M-K, Wesselink PR.
The influence of resin composite and bonded
amalgam restorations on dentin permeability in class
[I cavities in vitro. Dent Mater 2001; 17: 477-84.



