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Abstract

Background: The first line of intervention to alleviate tooth sensitivity is to use dentin desensitizers such as oxa-
late-based desensitizers. When the dentin sensitivity continues even after application of desensitizers the next
intervention would be restoration of the lesion. The aim of this in vitro study was to investigate the effect of prior
application of oxalate-based desensitizer on the marginal microleakage and shear bond strength of resin modified
glass ionomer (RMGI) restorations.

Material and Methods: In order to prepare the specimens for microleakage test standard class v cavities were prepa-
red on buccal surfaces of 45 teeth. The specimens were randomly divided into three equal groups. In control group,
the cavities were restored with RMGI. In group 2, oxalate-based desensitizer was applied and the specimens were
kept in distilled water for 14 days before restoration. In group 3 the specimens were prepared similar to group 2 and
the surface of the cavities were slightly cut with bur before restoration. Methyleneblue penetration was evaluated
using stereomicroscope. The data were analyzed using non-parametric tests. For shear bond strength test cervical
dentin specimens were prepared and were divided into 3 groups. Surface treatments were similar to microleakage
test. RMGI was packed into cylindrical plastic molds which were placed on the cut surface of the tooth and light
cured. The data were analyzed by one-way ANOVA.

Results: There was not any significant difference in dye penetration in dentin margins among the groups, but micro-
leakage in enamel margins of group 2 and 3 was higher than group 1. There was no significant difference in shear
bond strength among the groups (p=0.285).

Conclusions: Non carious cervical lesions which were treated for hypersensitivity with oxalate-based desensitizers
could be restored with resin modified glass ionomer if the hypersensitivity persists.
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Introduction

Dentin hypersensitivity is a short, sharp pain which
irritates the patients during eating, drinking, brushing,
and breathing. The incidence of this condition is ranged
between 10-30% (1). Dentin exposure resulting from
continuous loss of tooth structure, especially in cervical
area, causes dentin hypersensitivity (2). Abrasion, ero-
sion, and abfraction, have all been reported to have cru-
cial effect in the formation of cervical lesions (3). Many
theories propounded to explain the mechanism of den-
tin hypersensitivity, but the hydrodynamic theory is the
most broadly accepted. The hydrodynamic theory depicts
when thermal, tactile, osmotic, chemical, or evaporative
stimuli is applied to dentin, fluid flow is induced in the
tubules,therefore, triggering baroreceptors near the pulp
and ultimately causing pain for the patient (4).

There are several options for management of the patients
who are experiencing dentin hypersensitivity. The un-
derlying mechanism of most of these treatments is to
obliterate the dentin tubules. Tubular occlusion can be
achieved by desensitizing agents, adhesive systems and
restorations (5). The first line of intervention to alleviate
tooth sensitivity is to use dentin desensitizers (2). Oxala-
te-based products showed promising results in reducing
dentin sensitivity and permeability (6,7). Potassium oxa-
late which is the soluble salt of the oxalate reacts with
hydroxyapatite in tooth substrate to form insoluble cal-
cium oxalate crystals. These crystals precipitate in the
tubules orifices (8). However, there are evidences indi-
cating that mechanical and chemical challenges in the
clinical situations may wash out the oxalate precipitates
(9). Likewise, potassium oxalate cannot prevent progres-
sive dentin wear. A systematic review on the effect of
oxalate in treating dentin hypersensitivity proposed no
advantage of oxalate except a placebo effect (10). When
the dentin sensitivity continues even after application of
desensitizers, and the dentin wear cannot be stopped by
elimination of possible etiologic factors; the next inter-
vention would be restoration of the lesion.

Resin modified glass ionomer (RMGI) is one of the res-
torative materials of choice for restoration of cervical
lesions. RMGI has an acceptable bond to enamel and
dentin (11), offers high levels of fluoride release, and
recharging capacity (12). Because of favorable coeffi-
cient of thermal expansion, RMGI results in less micro-
leakage at cervical margins (13). Retention rates of glass
ionomer materials are higher than self-etching adhesives
in cervical lesions (14,15).

Several studies investigated the effect of oxalate-based
desensitizers on adhesion of dental adhesives to dentin
(16,17). These studies concluded that oxalate may or
may not affect the adhesion to dentin depending on the
adhesive used.

The present study aimed to investigate the effect of
prior application of an oxalate-based desensitizer onmi-
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croleakage and shear bond strength of RMGI. The null
hypotheses to be tested are as follows:

1. Bond strength of RMGI to dentin is not affected by
the application of oxalate-based desensitizers and subse-
quent cutting with bur.

2. Microleakage in cervical cavities restored with RMGI
is not affected by the application of oxalate-based desen-
sitizers and subsequent cutting with bur.

Material and Methods

Following approval of the research protocol by the Uni-
versity Ethics Committee, ninetysix extracted human
premolars were collected. The teeth were extracted for
orthodontic reasons and were free of any caries, cracks
and previous restorations. They were cleaned of any de-
bris, attached soft tissues and calculus, and stored in 4%
chloramine-T until use. The teeth were used within one
month of extraction. 45 teeth were used for microleaka-
ge test, 45 teeth were used for shear bond strength mea-
surement, and six teeth were used for scanning electron
microscope (SEM) observation.

-Microleakage test

Standard class V cavities with mesiodistal width of 3
mm, occlusogingival height of 3 mm, and axial depth
of 1.5 mm with gingival margin located Imm below the
cementoenamel junction (CEJ) were prepared on buccal
surface of teeth using straight diamond burs (# 835/010,
teezkavan, Iran) mounted on a high speed hand-piece
with air and water cooling. Each bur was discarded after
preparation of five cavities.

The specimens were randomly divided into three equal
groups (n=15). In group 1(control), polyacrylic acid
conditioner (GC Corporation, Tokyo, Japan) was applied
to all cavity walls for 20 seconds, rinsed and dried to
maintain a moist surface. Then RMGI (Fuji I LC, GC
Corporation, Tokyo, Japan) was mixed according to
manufacturer’s instructions and packed into the cavity in
the increments of 2 mm. Each increment was light cured
(Coltolux 75, Whaledent Inc, Coltene, USA)at intensity
of 600 mW/cm? for 30 seconds.

In group 2, the cavities were etched with 35% phospho-
ric acid (3M ESPE, St Paul, MN, USA) for 15 seconds,
rinsed for 10 seconds and gently air dried for 1-2 se-
conds in a way that the moist condition of the dentin was
preserved. Subsequently, oxalate desensitizer (BisBlock,
BISCO, Inc, Schaumburg, IL, USA) was applied for 30
seconds and rinsed (16). Then the samples transferred to
a container filled with distilled water and kept in an incu-
bator at 37°C for two weeks before restoration. This was
done to simulate the time gap between the first line of
intervention (desensitizing treatment) and restoration of
the lesion. Then the samples were restored using RMGI
with the same protocol described for the control group.
In group 3, the specimens were prepared in the same
way described for oxalate group but before placing the
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restoration the cavities were slightly cut for 10 seconds
with a cylindrical diamond bur (# 835/010, teezkavan,
Iran) to remove oxalate contaminated surface (18), rin-
sed with water and dried.

All of the specimens were thermocycled (1000 cycles at
5+2°C/554+2°C, a 30-second well time, and a 5-second
transfer time).

The root apices were sealed with utility wax and all the
surfaces, except for the restorations and 1mm from the
margins, were coated with two layers of nail varnish.
The teeth were immersed in a 0.5% methyleneblue dye
solution for 24 hours. They were then rinsed in running
water, blot-dried and sectioned longitudinally through
the center of the restorations from the facial to lingual
surface with a water-cooled diamond wheel saw (Leitz
1600, Wetzlar, Germany). The sections were blindly as-
sessed for dye penetration by two independent evalua-
tors using a stereomicroscope (Carl Ziesslnc, Oberko-
chen, Germany) at 20x magnification. Dye penetration
at the composite/tooth interface was scored for both the
occlusal and gingival margins on a non-parametric scale
from 0 to 3: 0 = no dye penetration; 1 = dye penetration
of less than half of the cavity depth; 2 = dye penetration
more than half of the cavity depth; 3 = dye penetration
spreading along the axial wall. The details of the mate-
rials used in this study are provided in table 1.

A statistical analysis was performed using the Kruskal-
Wallis and Mann-Whitney U-tests (a=0.05).

-Shear bond strength test

Cervical enamel of buccal surfaces of the teeth was
grounded with silicon carbide disks(Buehler, USA)under
water coolant until the cervical dentin was exposed. The
exposed dentin surface was polished with 600 grit sand
paper (Carborundum Abrasivos, Recife, PE, Brazil). The
remaining coronal and radicular portions were cut and the
prepared dentin specimens were mounted in cold cured
acrylic resin molds. The specimens were divided into

Table 1. Materials used in this study.
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three groups and surface treatments were done following
the method described for microleakage test. Subsequently
the prepared mixture of Fuji II LC was packed into the
cylindrical plastic molds (diameter = 2.38mm, height =
2mm), which were placed on the cut suface of the too-
th and light cured. Then the specimens were subjected
to thermal cycling (1000 cycles at 5+2°C/55+2°C, a 30-
second well time, and a 5-second transfer time).

The specimens were tested in shear with a universal tes-
ting machine(Zwick-Roell, Zwick, Ulm, Germany)at a
cross head speed of 0.5 mm/min. The shear bond streng-
th were calculated and presented in MPa. Debonded
surfaces were accessed using stereomicroscope (Carl
ZiessInc, Oberkochen, Germany) at 20x magnification.
Fracture modes of the specimens were classified as fo-
llows: 1. Adhesive, 2. Mixed, 3. Cohesive in RMGI.
The shear bond strength data were analyzed by one-way
ANOVA (p<0.05). Failure mode data were descriptively
reported.

-Scanning electron microscope (SEM) observation

Six dentin specimens (two specimens for each group)
were prepared using the method described in shear bond
strength test. Subsequent to surface treatments the spe-
cimens were dried in a series of ethanol solutions (50%-
100%), sputter coated with gold, and observed in high-
vacuum condition under SEM (Tescan Vega II, England).

Results

Dye penetration scores in occlusal and gingival margins
are summarized in table 2. There was not any significant
difference in dye penetration in dentin margins among
the groups (p=0.347), but microleakage in enamel mar-
gins of group 2 and 3 was higher than group 1. P-value
was 0.006 and 0.018 respectively. There was not any
significant difference between group 2 and 3 (p=0.177).
The results of the shear bond strength test and failure
mode analysis are presented in table 3. One-way ANO-

Materials Compositions LOT Number Manufacturer
Powder: Fluoroaluminosilicate glass
Resin modified glass Liquid: Polyacrylic acid, 2-hydroxylethyl 1401241 GC Corporation Tokyo,
ionomer methacrylate, 2,2,4 Japan
trimethylhexamethylenedicarbonate,
proprietary ingredient
Polyacrylic acid cavity Polyacrylic acid, aluminum chloride
conditioner (Dentin hexahydrate 1305291 GC Corporation Tokyo,
Conditioner) Japan
Oxalate dentin Oxalic acid, Potassium salt and water
desensitizer(Bis Block) 1400002577 BISCO, Inc,
Schaumburg, IL, USA
37% Phosphoric acid
Acid Etch ET300337 Dia Dent, Korea
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Table 2. Microleakage scores in occlusal and gingival margins.

Group | Dentin pre-treatment Occlusal margins Gingival margins
0 1 3 0 1 2 3
1 Polyacrylic acid 13 1 1 9 3 2 1
conditioning
2 Acid etching/ oxalate-
based desensitizer/ 5 5 1 6 6 2 1
Polyacrylic acid
conditioning
3 Acid etching/ oxalate-
based desensitizer/bur 6 9 0 10 4 0 1
cutting/ Polyacrylic
acid conditioning

Table 3. Mean (MPa) and standard deviation (SD) of shear bond strength and failure

modes in the study groups.

Group Dentin pre-treatment Mean (SD) Failure mode
A C M
1 Polyacrylic acid 7.92 (1.86) 2 3 10
conditioning
2 Acid etching/ oxalate- 6.70 (1.62) 3 3 9
based desensitizer/
Polyacrylic acid
conditioning
3 Acid etching/ oxalate- 7.54 (2.75) 3 1 11
based desensitizer/bur
cutting/ Polyacrylic acid
conditioning

A= Adhesive failure, C= Cohesive failure in resin modified glass ionomer, M= Mixed

failure

VA revealed no statistically significant difference bet-
ween the groups (p-Value = 0.285). Predominant failure
mode in all three groups was mixed failure.

SEM analysis demonstrated that polyacrylic acid con-
ditioned dentin surface was covered with smear layer,
and the tubules were occluded with smear plug (Fig. 1a).
The tubules in acid-etched oxalate-treated dentin were
funnel shape and obstructed with precipitates. As it is
appeared in figure 1b precipitates formed deep inside
the tubules. Subsequent polyacrylic acid conditioning
dissolved some of the precipitates and results in more
patent tubules (Fig. 1c). Although slight cutting with bur
removed the superfacial layer the tubules remained obs-
tructed (Fig. 1d).

Discussion

According to the results of the shear bond strength test
in the present study, bond strength of RMGI to dentin in
the control group was not significantly different from the
study groups. Microleakage study also revealed that the-
re wasn’t any significant difference in dye penetration in
dentin margins among the groups. So the null hypothesis
was accepted inpart. However, microleakage in enamel

Fig. 1. Representative scanning electron microscopy (SEM) images
of dentin surface following different treatment methods: (a) condi-
tioned with polyacrylic acid, (b) etched with 37% phosphoric acid
and treated with oxalate-based desensitizer, (c) etched with 37%
phosphoric acid, treated with oxalate-based desensitizer, and condi-
tioned with polyacrylic acid, (d) etched with 37% phosphoric acid,
treated with oxalate-based desensitizer, slightly cut with bur, and
conditioned with polyacrylic acid .
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margins of the control group was lower than the study
groups.

The effect of different conditioning methods on adhesion
of RMGI to dentin has been investigated (19,20). Among
these conditioners, polyacrylicacid let out the most favo-
rable results(19,21). That is why it is recommended by
the manufacturer of Fuji II LC. Since RMGI can bond
to unground dentin according to the manufacturer’s ins-
tructions and mechanical retention form is not requisite
for them, there is no need to prepare the tooth before
restoration in many non-carious cervical lesion (NCCL)
cases (15). In group 2 RMGI was bonded without any
preparation, and in group 3 a diamond bur was emplo-
yed for a brief cutting to remove oxalate contamination,
similar to the method used by a previous study to remo-
ve surface contaminations (18).

The data obtained from bond strength tests are notcon-
clusive enough to predict the efficacy of restorative
materials in clinical situations; compared to resin com-
posite, better performance of RMGI in NCCL would
possibly demonstrates this disparity (14,15,22). Micro-
leakage tests can be used as a complementary tool for
bond strength tests.

The results of the current study showed that application
ofoxalate-based BisBlock (Biscolnc;Schaumburg, IL,
USA) desensitizer on acid etched dentin did affectnei-
ther the adhesion of RMGI to dentin nor the microleaka-
ge of dentin margins. The adhesion of RMGI to dentin
includes chemical bonds and micromechanical interloc-
kings. Ionic interaction between the carboxyl groups of
the polyalkenoic acid and calcium of hydroxyapatite
results in true primary chemical bonding (23). Micro-
mechanical entanglement as the second part of the dual
adhesive mechanism occurs through the formation of a
hybrid-like layer. Resin monomers included in the for-
mulation of Fuji I LC infiltrates into the porous collagen
network of conditioned dentin creating an interdiffusion
zone (11,24).

The etching step before oxalate application dissolves
calcium ions of smear layer and underlying dentin. The-
refore, calcium oxalate crystals tend to form in the tubu-
les leaving the dentin surface ready for resin infiltration
(Fig. 1b) (25,26). Acid phosphoric etching compromises
the potential of ionic bonding to the mineral component
ofthe tooth (27). However, subsequent oxalate treatment
creates a layer of crystalline precipitates rich in both cal-
cium and carboxylate groups which might promote che-
mical bonding (28).

The stability of calcium oxalate crystals is related to the
pH of the environment (16,29). In the present study cavi-
ty conditioner used before RMGI bonding has an acidic
pH of 0.97. This could be neutralized by calcium oxalate
crystals. As it is appeared in figure 1¢ cavity conditioner
might dissolve calcium oxalate precipitates to some ex-
tent. Consequently free calcium ions become available

Effect of oxalate-based desensitizers on RMGI restorations

to interact with carboxyl groups and contribute to the
chemical bonding between RMGI and tooth structure.
Dissolution of calcium oxalate would also be enhan-
ced by the fluoride available in composition of RMGI
(8,29).

Oxalate crystals forms 10-15 pm beneath the dentin sur-
face (9,25). Slight cutting of the cavity surface with bur
should not completely remove this interaction zone (Fig.
1d) (18).

Therefore, the opportunity for chemical interactions is
preserved. Besides, polyacrylic acid conditioning might
also expose some more collagen for micromechanical
entanglement.

Microleakage of oxalate-treated enamel margins increa-
sed, and even slight cutting of the surface with bur could
not eliminate the effect of oxalate. Calcium oxalate crys-
tals formed on enamel surface can interfere with resin
infiltration because the interaction of potassium oxalate
with enamelis superficialcompared to dentin (25).
Slight cutting of the oxalate-treated enamel surface with
bur might result in formation of smear layer rich in cal-
cium oxalate crystals. Fuji II LC conditioner might fail
to remove this acid-resistant smear layer. Therefore mi-
cromechanical interlocking ofRMGI to enamel is com-
promised.

Failure mode analysis revealed that mixed failures was
predominant in all three groups. This finding is attributed
to the weak cohesive strength of RMGI. Bond strength
values obtained in the present study might be limited by
cohesive strength of RMGI.

In the current study the teeth were kept in distilled water
instead of artificial saliva after oxalate treatment and be-
fore being bonded with Fujill LC. This might be consi-
dered as a limitation of this study. It is proposed that cal-
cium oxalate may slowly be dissolved in artificial saliva
(30). Furthermore, chemical and mechanical challenges
of the oral environment such as acidic erosion and tooth
brushing abrasion are not simulated.

Different chemical composition of other RMGIs might
give rise to variations in adhesion mechanism. Future
studies are suggested to investigate the effect of oxalate
containing desensitizers on bonding performance of di-
fferent types of RMGls.

According to the results obtained in the present study it
might be concluded that:

1. Oxalate-baseddesensitizers do not adversely affect the
microleakage in dentin-RMGTI interface.

2. Oxalate-based desensitizers increase the microleaka-
ge in enamel-RMGT interface.

3. Bond strength of RMGI to dentin is not influenced by
prior application of oxalate-based desensitizers.

4. Slight cutting of the oxalate-treated dentin surface
with bur does notinfluence the bond strength of RMGI
to dentin.
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