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Abstract

Objective To evaluate and compare the effects of two desensitizing toothpastes and a regular fluoride

toothpaste on microtensile bond strength of two adhesive agents to dentin.

Materials and methods The labial surfaces of forty bovine incisor crowns were ground flat, exposing
dentin. The teeth were then randomly divided into four groups corresponding to the toothpaste used:
1) Sensodyne® Rapid Relief (GlaxoSmithKline, UK), 2) Colgate Sensitive Pro-Relief™ (Colgate-
Palmolive, Thailand), 3) Colgate® Regular Flavor (Colgate-Palmolive, Thailand), and 4) immersed in
artificial saliva (control). Each tooth in groups 1-3 was brushed with its respective dentifrice under
constant loading (200 g) at 250 strokes/min for 2 minutes, twice daily for three days. Each group was
then randomly divided for composite build-up using the following adhesive agents: 1) Optibond® XTR
(Kerr, USA), or 2) Optibond® FL (Kerr, USA). After curing the adhesives, a light-cured resin
composite (Premise™, Kerr, USA) was used for a core build-up. The samples were sectioned into four
specimens with 1 £ 0.1 mm thick and wide. The microtensile bond strength test was performed using
a universal testing machine at a cross-head speed of 0.5 mm/min. The data were analyzed using
two-way ANOVA and Tukey’s multiple comparison tests with significance set at p < 0.05. Fracture

analysis of the debonded dentin surface was performed using a stereomicroscope.

Results Bond strength was statistically significantly reduced by the application of desensitizing
toothpastes (p < 0.0001), and the type of adhesive agents had a significant effect on bond strength
(p<0.0001).

Conclusion The uses of desensitizing toothpaste reduce bond strength of adhesives to dentin.
(CU Dent J. 2014;37:225-40)
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Introduction

The causes of presenting symptoms of sensitive
teeth are multi-factorial. Diagnosis of tooth sensitivity
can range from an abscessed or cracked tooth, diet
sensitivity, medication sensitivity, restorative sensitivity,
bleaching sensitivity, to dental decay or some form of
hypersensitivity. Dentin hypersensitivity is defined
by brief, sharp, well-localized pain in response to
thermal, evaporative, tactile, osmotic, or chemical stimuli
that cannot be ascribed to any other form of dental
defect or pathology. There are many varieties of
potential causes for dentin sensitivity. The loss of enamel
and removal of cementum from the root with exposure
of dentin is a major contributing factor. The loss of
enamel may be a consequence of attrition, erosion,
abrasion, and abfraction.” Dentin hypersensitivity can
reduce the quality of life of those who suffer from it,
because it can affect eating, drinking, and breathing
habits. The most widely accepted explanation for
dentin hypersensitivity is the hydrodynamic theory,?
which states that the movement of fluids or semi-fluid
materials in the dentinal tubules transmits peripheral
stimuli that activate the sensory nerves in the pulp,
causing sharp short pain. Dentin hypersensitivity can
be treated by either 1) in-office treatment, which uses
professional products (e.g. topical fluoride, oxalate salts,
glutaraldehyde, desensitizing prophylaxis paste) or
surgical intervention (e.g. restoration, periodontal
soft tissue grafting) or 2) self-applied treatment
with professionally dispensed products (e.g. casein
phosphopeptide- amorphous calcium phosphate paste)
or over—the-counter products (e.g. desensitizing tooth-
paste).® Dentin hypersensitivity can be alleviated
either by interfering with neural transmission or by
occluding the dentin tubules.? One of the most com-
mon ingredients used to treat dentin hypersensitivity is
potassium nitrate. The potassium ions are thought to
increase the nerve depolarization threshold, thereby

reducing the sensation of pain.?
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Treatments which physically plug opened
dentinal tubules have the potential to be more effective
than potassium-based treatments.* One treatment to
occlude the tubules used high concentration fluoride
gels or pastes. The high level of fluoride interacted
with calcium in the saliva or on the tooth surface, and
calcium fluoride precipitated within the tubules and
occluded them.'! Clinical studies have been performed
to evaluate the effectiveness of treating dentin hyper-
sensitivity with various fluoride products.” Although
these agents reduced dentin hypersensitivity, they were
found to decrease the bond strength between composite
resin and dentin.®”” This was due to the precipitation
of microcrystals and mineral in the dentinal tubules,

preventing proper resin infiltration.

Oxalate materials also have been used successfully

8 These materials react with

for desensitization.
calcium ions on dentin and in dentinal fluid to form
insoluble calcium oxalate crystals. Calcium oxalate
crystals occluded open tubules in dentin.® "Oxa-Gel”
(Art-Dent, Brazil) is a product that contains monohydrogen—
monopotassium oxalate. However, a previous study
indicated that adhesive resins did not bond well to
oxalate-treated dentin, because the dentin surface,
including tubule orifices, was covered with calcium
oxalate crystals.” Thus, using a topical desensitizing
agent, prior to tooth restoration using composite resin
and a bonding agent, may result in a reduction in bond

strength between dentin and the restorative material.

Dentifrices are the most common vehicles for
desensitizing agents. They widely indicated because of
their low cost, ease of use and home application.
Active ingredients in desensitizing toothpaste include
2% potassium salt, 8% arginine and calcium carbonate,
and 8% strontium acetate dentifrice. Kleinberg and
colleagues developed a dentin hypersensitivity treatment
consisting of 8% arginine (an amino acid found in
saliva), bicarbonate, and calcium carbonate. This

desensitizing formulation mimicked saliva’s natural
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ability to plug and seal open dentin tubules.'® This
formulation has been further developed as a daily-use
dentin hypersensitivity dentifrice (Colgate Sensitive
Pro-Relief™ Colgate-Palmolive, Thailand). In addition
to 8% arginine and calcium carbonate, the dentifrice
also contains 1450 ppm fluoride and claims to protect
against the development of caries. Both in vitro
and clinical studies have reported the efficacy of this
dentifrice in reducing dentin hypersensitivity.''~'# High
resolution scanning electron microscopy images revealed
that the arginine-calcium carbonate desensitizing paste
provided complete occlusion of open dentinal tubules,
and freeze-fracture SEM images demonstrated that the

plug reached a depth of two microns into the tubule.'?

Strontium-based dentifrices (10% strontium
chloride) have been widely used in treating dentin
hypersensitivity, and are believed to work by occluding
dentinal tubules.'® Researchers have found that strontium
acetate is more versatile than strontium chloride, can
be formulated as a dentifrice base with almost no
organoleptic downside, and was shown to successfully
combine with sodium fluoride.'® A dentifrice containing
8% strontium acetate and 1040 ppm sodium fluoride
was developed and has been extensively tested in vitro,
in situ, and clinically.'®~2° This technology is available
as a daily-use dentin hypersensitivity dentifrice
(Sensodyne® Rapid Relief, GlaxoSmithKline, UK). A
study demonstrated that a single application of an 8%
strontium acetate/1040 ppm sodium fluoride formulation
occluded open dentinal tubules with a strontium-silica
plug deep within the dentinal tubules, and this occlusion

was resistant to dietary acids.'’

Dental adhesives are used for several clinical
applications and they can be classified based on the
clinical regimen in “etch-and-rinse adhesives” and
“self-etch adhesives”. In the present study, we chose
Optibond® FL, which has been extensively studied and
widely used clinically, to represent etch and rinse

adhesives and Optibond® XTR to represent self-etch
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adhesives. Optibond® FL has had long-term clinical

track,?! 22

and has been considered to be the gold
standard for adhesives.?® Optibond® XTR is a simplified
version from the same manufacturer utilizing a
functional monomer similar to that of Optibond® FL,
glycerol phosphate dimethacrylate, which is a phosphate
monomer that has been used for bonding to dentin for

over 50 years.?*

Therefore, we hypothesized that because the
dentifrice containing 8% arginine and the dentifrice
containing 8% strontium acetate function by occluding
dentinal tubules, their use might affect the bond strength
between dentin and bonding agents, as has been seen
with other desensitizing agents. The aim of this study
was to evaluate and compare the effect of these two
desensitizing toothpastes and regular fluoride toothpaste
on the microtensile bond strength of two different

adhesives to dentin.

Materials and methods

Forty extracted bovine incisors were collected,
cleaned, and stored in 0.01% thymol solution for 1
week, and then stored in distilled water at 4°C for a
maximum of 1 month before use. The roots were
removed at 1 mm below the cemento-enamel junction
(Fig. 1A), and pulpal tissue was carefully removed.
The teeth were then embedded in self-curing resin with
their labial surfaces exposed with their surface parallel
to the horizontal plane (Fig. 1B). The labial surfaces
were ground flat using a polishing machine (NANO
2000 Grinder-polisher, Pace Technologies, USA) with
320, 600, and 1200 grit silicon carbide paper under
running water until the enamel was completely removed
(Fig. 1C) with an exposed dentin surface area of at
least 6 x 3 mm?. Labial surface of each tooth was
carefully inspected using a stereomicroscope (ML 9300;
Meiji Techno Co. Ltd., Japan) at 40X magnification to
ensure that it was free of enamel. The teeth were equally

randomly assigned into four groups (n=10) according

227



228

Saisopa K, et al

to the type of toothpaste: Group 1-Sensodyne® Rapid
Relief, Group 2-Colgate® Sensitive Pro-Relief™,
Group 3-Colgate® Regular Flavor (Colgate-Palmolive,
Thailand), and Group 4-no treatment (Fig. 7). The
compositions of the desensitizing toothpastes used in
the present study are summarized in Table 1. Respective
dentifrice slurry, which was prepared by diluting 2 g of
the dentifrice in 6 ml of distilled water, was placed on
the exposed dentin surface of each tooth from groups
1-3. A toothbrush with bristles of medium hardness
was applied perpendicular to the dentin surface under a
constant loading (200 g) for 250 strokes/min in 2
minutes using a V-8 cross brushing machine (Sabri
Dental Enterprise, Inc., USA). The teeth were brushed
with the toothpastes twice a day (9.00 AM and 5.00
PM) for three days. To remove excess slurry or

aqueous solution, the teeth were rinsed in distilled water
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for 10 sec. During the three day brushing procedure at
the time when the teeth were not being brushed by the
brushing machine, the teeth were immersed in artificial
saliva. After the brushing process, each group was
further randomly assigned into two groups (n=5) (Fig. 1)
for composite build up, one being bonded using
Optibond® XTR and the other using Optibond® FL
(Kerr, USA) (Table 2).

After applying the adhesive on the dentin surface
according to the manufacturers’ instructions, a silicone
mold with a 14 x 8 x 4 mm? opening in the middle was
placed on the dentifrice treated dentin. Light-cured
composite (Premise™, Kerr, USA) was used to filled
up the mold 4 mm in height on the treated dentin
surface by incremental placement. Each 2 mm increment
was polymerized for 40 s using a visible light-poly-

merization unit (EliparTriLight Curing Light, 3M ESPE,

B
e < o
= c
Group 1 Group 2 Group 3 Group 4
Sensodyne® Colgate® Colgate® Negative control
Rapid Relief Sensitive Regular (immersion in
Pro-Relief™ Flavor artificial saliva)

@0

composite resin built up and sectioned

@@5@@@@ @@

microtensile bond strength test

Fig. 1 Specimen preparation and the experimental design (XTR = treated with Optibond® XTR, FL = treated with

Optibond® FL).
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Fig. 2 Cut specimens from the top view. Only four sticks in the middle were used.

USA) and then storing in distilled water at 37°C for 24
h. Each specimen was mounted on a low speed cutting
machine (ISOMET 1000®, Buehler, USA) and
sectioned perpendicular to the surface both mesial-
distally and inciso-cervically direction in order to
obtain stick-shaped microtensile specimens. Only four
sticks in the middle were used for the test (Fig 2).
Dimensions of each specimen was measured using a
digital vernier caliper (Mitutoyo Co., Japan) approxi-
mately 1.0 mm? (1+0.1 mmx 1+0.1 mm). Each test
specimen surface was carefully examined under a
stereomicroscope at 40X to ensure that it was homo-
geneous without bubbles or cracks. The specimens were
subsequently attached to the tensile testing apparatus
mounted in a universal testing machine (EZ-S,
Shimadzu, Japan) with a cyanoacrylate adhesive (Model
Repair II Blue, Dentsply-Sankin, Japan), and stressed
to failure at a cross-head speed of 0.5 mm/min.
The microtensile bond strength of each specimen was
calculated as the ratio of the maximum load force at
fracture divided by the cross-sectional bonding area of

each individual fractured specimen.

Analysis the mode of failure of the composite

bonded dentin surfaces was performed using a

stereomicroscope at a 40X magnification. Failures were
classified as adhesive (> 75% of failure was between
the tooth and the restorative material), cohesive (>75%
of the failure was within the restorative material or
dentin) or a mixture of the two.?°~2° Specimens with

pre—test failure were excluded from the study.

Randomly selected samples with adhesive
fractures were processed for scanning electron microscopy
(JSM-5410LV, JEOL, Japan) using standard SEM
specimen processing techniques; i.e. fixed in a 2.5%
glutaraldehyde cacodylate buffer solution, dehydrated
in graded ethanols, chemically dried using hexamethyl-

disilazane, and gold-sputter coated.

The microtensile bond strength data were statis-
tically analyzed using two-way ANOVA to examine
the effect of the factors (type of toothpaste and type of
adhesive agent). As there were significant interactions
between these factors, the data were further analyzed
with one-way ANOVA followed by Tukey’s post-hoc
comparison test, with significance set at p < 0.05.
All statistical analyses were performed using
SPSS statistics for windows version 17.0 (Chicago:
SPSS Inc.).
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Table 1 Composition of tested toothpastes?’

CU Dent J. 2014,37:225-40

Composition

Aqua, Sorbitol, Hydrated Silica, Glycerin, Strontium Acetate
hemihydrate (8%wt), Sodium Methyl Cocoyl Taurate, Xanthan
Gum, Titanium Dioxide, Aroma, Sodium Saccharin, Sodium
Fluoride, Sodium Propylparaben, Sodium Methylparaben,

Limonene, Sodium Fluoride 0.23% w/w (1040 ppm F)

Toothpaste Manufacturer
Sensodyne® GlaxoSmithKline Ltd.,
Rapid Relief UK
Colgate® Colgate—Palmolive,
Sensitive Thailand

Pro-Relief™

Calcium Carbonate, Water, Sorbitol, Arginine Bicarbonate
(8%wt), Hydrated Silica, Sodium Lauryl Sulfate, Flavor,
Cellulose Gum, Sodium Monofluorophosphate (1450 ppm
F), Sodium Bicarbonate, Tetrasodium Pyrophosphate, Benzyl

Alcohol, Sodium Saccharin, Xanthan Gum

Dicalcium phosphate dihydrate, water, glycerin, sorbitol, sodium
lauryl sulfate, cellulose gum, flavor, tetrapotassium pyrophosphate,

sodium saccharin, Sodium monofluorophosphate (1000 ppm F)

Colgate® Colgate—Palmolive,
Regular Flavor Thailand
Results

Table 3 summarizes the mean microtensile bond
strength values and standard deviations of the test and
control groups. Two-way ANOVA indicated that the
type of toothpaste (p < 0.0001), the type of adhesive
agent (p< 0.0001) and their interaction (p < 0.05) had
a significant effect on microtensile bond strength.
The microtensile bond strengths in Colgate® Regular
Flavor (group 3) and the control groups (group 4) were
significantly higher than in Sensodyne® Rapid Relief
group

(group 2) (p<0.05). However, there was no significant

(group 1) and Colgate® Sensitive Pro-Relief™

difference in bond strength between groups 1 and 2
(p=0.760) and groups 3 and 4 (p = 0.104). There were
significant differences in bond strength between
adhesive agents in group 1 (p<0.05) and 2 (p<0.0001),
but no significant differences were found in group 3
(p = 0.859) and 4 (p = 0.879). Premature failures
occurred in group 1 + Optibond® XTR (n = 2) and

group 2 + Optibond® XTR (n = 1). The distribution of
failure modes is presented in Table 4. The bond failure
type in each group was predominantly adhesive (83%
or higher of total number of specimens), with the
remainder exhibiting cohesive failures, and no mixed

failures.

Figures 3 and 4 show representative SEM images
of the debonded dentin specimens. It was possible
to observe partial obstruction of dentinal tubules in
specimens of group 1 + Optibond® XTR (Fig. 3a) and
group 2 + Optibond® XTR (Fig. 3b).

Discussion

The hydrodynamic theory has been widely
accepted as the principal mechanism for dentin
hypersensitivity. Based on this theory, a substance
occluding the dentinal tubules can cause a decrease in

dentinal fluid flow, thereby reducing the clinical symp-
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Table 2 Adhesive agents, composition and the manufacture’s instructions
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Adhesive Composition

agent

Manufacturer’s instructions

Optibond® XTR  Primer: GPDM, hydrophilic co-monomers, Apply Primer to the dentin surface using a

(Kerr, USA) water, ethanol, acetone
(self-etch) Adhesive: resin monomers, HEMA,

inorganic fillers, ethanol

disposable applicator brush, scrub the surface using
a brushing motion for 20 s, apply adhesive to the
dentin surface using light brushing motion for 15
s, air thin for 5 s, light cure with visible light-

polymerization unit for 10 s.

Optibond® FL Etchant: 37% phosphoric acid

(Kerr, USA) Primer: HEMA, GPDM, ethanol, water,

(etch-and-rinse) PAMA, camphorquinone
Adhesive: BisGMA, HEMA, GDMA,
camphorquinone, fumed SiO,, barium
aluminoborosilicate, Na,SiF,, coupling

factor A174

Place etchant 37.5% phosphoric acid on dentin
surface for 15 s, rinse with water until etchant
has been completely removed, gently air dry for
5 s, apply primer over dentin surface with a light
agitating motion for 15 s, gently air dry for
approximately 5 s, apply adhesive over dentin
surface with uniformly creating a thin coating,
air thin for 5 s, light cure with visible light-

polymerization unit for 20 s.

HEMA = 2hydroxythylmethacrylate

GDMP = glycerol phosphate dimethacrylate
BHT = 2,6-di-(tert-butyl)-4-methylphenol
PAMA = phtailic acid monomethacrylate

BisGMA = bis-phenol-A-bis-(2-hydroxy-3-methacryloxypropyl)ether

GDMA glycerol dimethacrylate

toms of dentin hypersensitivity.?” Previous studies have
demonstrated that using 8% arginine 8% strontium
acetate toothpaste resulted in significant tubule
occlusion compared with the negative control.'?:2873!
However, the use of these dentifrices may alter the
microtensile bond strengths of adhesives to dentin.
The results of the present study revealed that both
8% arginine and 8% strontium toothpaste significantly
reduced the microtensile bond strengths of adhesives
to dentin. This may be because these two desensitizing
toothpastes occluded dentinal tubules, and made dentin

more resistant to acid challenge.'??87%° In vitro and

in situ studies have demonstrated that following acid
challenge (grapefruit juice?’ *°, Coca-Cola®'?, and
citric acid®?), dentin samples treated with 8% arginine
or 8% strontium toothpaste had significantly more
occluded dentin tubules than the negative control.'%28730:32
These desensitizing toothpastes formed occluding
layers that were resistant to acid challenge.'?2873°
Therefore, these layers may be resistant to acid etching
used in bonding procedures, and may chemically and
physically prevent complete penetration of the bonding
agents. We found that the desensitizing paste groups
bonded with Optibond® XTR (pH = 1.6-2.4), which
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Table 3 Means * standard deviations of microtensile bond strength values (MPa) between dentin surface and resin

composite and numbers of pre-testing failures in brackets

Adhesive agent

Sensodyne®
Rapid Relief

Desensitizing toothpaste

Colgate®
Sensitive

Pro-Relief™

Flavor

Colgate® Regular

None

Optibond® XTR

27.95%4 + 4,97
(2)

28.374¢ + 5.43
(1)

41.888¢ + 3.45
(0)

143.868 £ .75
(0)

Optibond® FL

32.73P 4 3.20

(0)

34.12%9 £ 3.76

(0)

43.56P° +3.73

(0)

4549 + 2 58

(0)

Means followed by the same superscript capital letters in the same row or lowercase letters in the same column

indicates no statistical difference (p> 0.05)

Table 4 The fracture modes of the experimental groups

Desensitizing Adhesive Cohesive Mixed
Adhesive agents
toothpaste failure failure failure
Sensodyne® Optibond® XTR (n=18) 15 (83.33%) 3 (16.67%) 0
Rapid Relief Optibond® FL (n=20) 20 (100%) 0 0
Colgate® Optibond® XTR (n=19) 16 (84.21%) 3 (15.79%) 0
Sensitive
Pro-Relief™ Optibond® FL (n = 20) 17 (85%) 3 (15%) 0
Colgate® Regular Optibond® XTR (n=20) 17 (85%) 3 (15%) 0
Flavor Optibond® FL (n = 20) 20 (100%) 0 0
Optibond® XTR (n=20) 17 (85%) 3 (15%) 0
None
Optibond® FL (n = 20) 18 (90%) 2 (10%) 0
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Fig. 3 Scanning electron micrographs (x 3,500) of debonded specimens treated with Optibond® XTR : a) group

1-Sensodyne® Rapid Relief, b) group 2-Colgate® Sensitive Pro-Relief™, ¢) group 3-Colgate® Regular

Flavor, and d) group 4-Negative control (no toothpaste). Arrows indicate tubular partial obstruction and

arrowheads show partially demineralized intertubular dentin. (id: intertubular dentin)

was less acidic than Optibond® FL (pH = 1.8), demon-
strated a significantly lower mean microtensile bond
strength than the Optibond® FL groups. An etchant
with lower acidity may result in less tubular penetration
of the bonding agent, resulting in lower microtensile

bond strength.

In contrast to the present study, a previous study

f™ desensi-

indicated that Colgate Sensitive Pro-Relie
tizing paste did not have a significant effect on the
shear bond strength of the composites tested to enamel.33
Similarly, a previous study by Canares, et al. reported
that 8% arginine desensitizing toothpaste had no effect
on the bond strength of composites bonded to dentin.>*
The differences in findings between these in vitro studies
and the present study may be due to differences in
study design. The formers only applied the desensitizing
paste once and did not immerse the samples in artificial

saliva to simulate the oral environment, therefore, the

environment and application methods of these studies

may not be sufficient for the precipitation process to
occur, generating results dissimilar to those of the present

study.

SEM analysis of our samples demonstrated
partial obstruction of the dentinal tubules in group 1
using Optibond® XTR and group 2 using Optibond®
XTR. The groups with blocked tubules also had
significantly lower bond strength compared to the other
groups suggesting that tubule occlusion was respon-
sible, at least in part, for decreasing bond strength.
However, further compositional analysis may be needed
to determine exactly what is obstructing the dentinal
tubules of these specimens. Petrou, et al. treated dentin
specimens with an 8% arginine desensitizing paste,
which occluded the dentinal tubules, and analyzed them
by electron spectroscopy for chemical analysis,'? finding
that calcium, oxygen, and phosphorus levels were
significantly increased. Carbonate compound was also

detected on the treated dentin surface. They concluded
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Fig. 4

Sensodyne® Rapid Relief, b) group 2-Colgate® Sensitive Pro-Relie

Scanning electron micrographs (x 3,500) of debonded specimens treated with Optibond® FL : a) group 1-

t™, ¢) group 3-Colgate® Regular

Flavor, and d) group 4-Negative control (no toothpaste). Arrowheads indicate partially demineralized

intertubular dentin. (id: intertubular dentin)

that the treated dentin surfaces had been remineralized,
and that calcium carbonate was simultaneously deposited
on the dentin surface.'? Earl, et al. analyzed dentin
specimens treated with an 8% strontium acetate denti-
frice using energy dispersive x-ray spectroscopy (EDX).
EDX analysis indicated the presence of strontium within

the dentin tubules.?°

Both Sensodyne® Rapid Relief and Colgate®
Sensitive Pro-Relief™ were able to plug dentinal
tubules through an interaction between their respective
active ingredients, abrasive agents, and the dentin
itself.’ 2% However, there were some differences
between these two desensitizing pastes. Arginine was
absorbed onto the surface of calcium carbonate
forming a positively charged alkaline agglomerate.'?
This alkaline agglomerate had a high affinity to dentin,
and relied on the deposition of calcium and phosphate
from saliva to occlude the dentin tubules. The presence

of saliva was therefore essential for the mechanism

of action of arginine.12 However, strontium-based
dentifrices function based on a different mechanism of
action. Strontium is an alkaline earth metal, which has
a strong inherent absorptive capacity to calcified
tissues, especially those with a high organic content
such as dentin.'® This may be because strontium
permeated into dentin and adsorbed into or onto
organic connective tissues, including odontoblast
processes, as was shown in an earlier study using the
metallic compound strontium chloride.'® Strontium has
been shown to penetrate dentinal tubules, and is thought
to occlude the tubules by substituting for calcium in

hydroxyapatite.>°

In the present study, we chose Optibond® FL to
represent etch and rinse adhesives and Optibond® XTR
to represent self-etch adhesives. Optibond® FL has had
long-term clinical track,35-36 and has been consid-
ered to be the gold standard for adhesives.®” Optibond®

XTR is a simplified version utilizing a functional
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monomer similar to that of Optibond® FL, glycerol
phosphate dimethacrylate, which is a phosphate monomer
that has been used for bonding to dentin for over 50
years.>® Optibond® XTR is a two-step mild self-etch
adhesive. However, it has only recently been intro-
duced; therefore, there have been few studies on its
dentin bonding strength. In the studies that have been
published, Optibond® XTR did not demonstrate a lower
bond strength compared with Optibond® FL.>’ 7% These
findings are consistent with the results of the present
study, where no significant difference was found
between specimens bonded with Optibond® XTR and
Optibond® FL in the regular fluoride toothpaste group

or the negative control group.

The present study employed microtensile bond
strength test to minimize the occurrence of dentin
cohesive failure, which has been reported to occur in
up to 80% of the specimens in conventional shear and
tensile tests.>> A characteristic feature common to all
variations of the microtensile bond strength test method
is the use of a relatively small cross—sectional surface
area of 1 mm? or less. A smaller bonding area reduces
the probability of sample internal defects and provides
a more homogeneous distribution of stress during
loading, thus minimizing the chance of dentin cohesive
failure. The small size of the dentin/resin composite
slabs allows for testing multiple specimens derived from
the same tooth, which makes it necessary to treat the
respective bond strength values as repeated measure-

ments in the statistical analysis.*”

Tooth region and remaining dentin thickness may
have an effect for bond strength. Superficial dentin at
the dentin—-enamel junction occupied by tubule lamina
approximately 1% of total surface area, while that of
dentin near the pulp is about 22%. Since tubule lamina
area is occupied by dentinal fluid, these areas are also

approximately equal to the tubular water content. This
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difference in intrinsic moisture has been deemed
responsible for the differences in bond strengths
between superficial and deep dentin.*® Superficial dentin
normally results in higher composite-dentin bond
strengths than deep dentin. The orientation of the
dentinal tubules may also influence dentin bond
strengths. Adebayo et al. reported that shear bond
strengths were affected by dentin depth, orientation of
the tubule and the adhesive material, but not by location
of dentin (occlusal or cervical).>’ On the contrary,
Sattabanasuk et al. and Phrukkanon et al. reported that
bond strengths were not affected by tubule orienta-
tion.*873? There was also a study reported that there
was no significant differences between the morphology
of dentinal tubules between human and bovine tooth.*°
However, in order to reduce these problems, we only
used four specimens in the middle of each tooth (Fig. 2),
which have resemble dentin thickness and dentin

tubule orientation.

Bovine teeth have been the most widely used
substitute for human teeth in dental studies because
they are easy to obtain in large quantities, in good
condition and width a more uniform composition than
that of human teeth. Moreover, bovine teeth have a
relatively large flat surface, and do not have caries
lesions and other defects.”! Schilke et al. reported no
statistically significant differences in the number of
dentin tubules per mm? or in the tubule diameter among
coronal dentin layers of human deciduous or permanent
molars, and coronal bovine incisors.“° In addition, there
are studies reported the use of bovine teeth as a substitute
for human teeth in adhesion tests.*?"*® They used
microtensile bond strength tests to measure and
compare bond strength of adhesive resins on human
and bovine dentin. They all found no statistically
significant differences between these hard tooth

tissues. Therefore, it can be suggested that bovine teeth
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could be used to evaluate the adhesive materials or

techniques before clinical implementation.

Our in vitro study was performed using extracted
teeth without simulating dentinal fluid pressure, so it is
difficult to compare the results with the clinical situation.
When dentin is clinically exposed to the oral cavity,
dentinal fluid flows from pulp to exposed dentin
surface because of the interstitial fluid pressure in the
pulp. Studies have reported that dentinal fluid flow
affected the ingress of adhesive resins into the dentinal
tubules.*~4> Therefore, the results of the present study

should be confirmed by a clinical study.

To provide a scientific supported clinical recom-
mendation, further study should be in human teeth, and
in the future clinical investigation. Moreover, addi-
tional studies should include in-office treatments, for
example, in-office desensitizing paste, which have also

proven effective.*®

Conclusion

This study demonstrated the microtensile bond
strength of bovine dentin specimens treated with 8%
arginine and 8% strontium acetate desensitizing tooth-
paste with resin composite were significantly lower than
the specimens treated with a regular fluoride tooth-

paste and specimens in the negative control groups.
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