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Abstract: The aim was to evaluate the shear bond strength (SBS) of dentin to resin composites with different de-
sensitizers, cements, and thermal-cycling. This study consists of the SBS test (60 premolars) and the scanning
electron microscopy (SEM/8 premolars) test. 60 premolars were sectioned yielding 120 specimens and divided into
four groups (n=30 each): control, Duraphat, Bifluorid 12, and Prime & Bond NT. Each group was divided into three
subgroups (n=10 each): RelyX™ U200, Glass ionomer cement (GIC), and Resin Modified Glass lonomer Cement
(RMGIC/RelyX™ Luting Cement). After 24 hours storage in a 37 °C water bath and thermal-cycling (5°C/55°C), the
SBS was tested by a universal testing machine. We checked the failure modes under a magnifying glass and ana-
lyzed the data. Additionally, the effect of desensitizers on the dentin surface was observed with SEM. The applica-
tion of Duraphat and Bifluorid 12 reduced the SBS value significantly (P<0.05), and the Prime & Bond NT combined
with RelyX™ U200 improved the retentive strength (P<0.05), and with GIC, the SBS was reduced (P<0.05), and with
RMGIC, there was no significant difference from the untreated group (P>0.05). The SBS values of all the groups was
lower after thermal-cycling than in their corresponding 24 h groups (P<0.05). The three desensitizers have different

effects on the three cements, and the Prime & Bond NT can enhance the SBS of RelyX™ U200.
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Introduction

One of the most common complaints of pati-
ents undergoing full crown and bridge restora-
tion on account of exposure of the dentin
tubules on vital abutment teeth is dentinal hy-
persensitivity (DH), which is defined as a tran-
sient and intense pain, caused by any form of
thermal, evaporative, tactile, osmotic or chemi-
cal stimulation after the dentin is exposed, pain
that cannot be attributed to any other dental
disease or defect [1].

There are some theories about DH, including
neural theory, transduction theory and hydrody-
namic theory [2]. The phenomenon with the
best explanation is hydrodynamic theory, which
states that outside stimuli, such as thermal,
evaporative, tactile, osmotic or chemical stimu-
li, lead to the flow of liquids within the dentin
tubules, and the fluid movement triggers nerve
fibers in the pulp, provoking a stimulation that
is interpreted as pain or sensitivity [3]. DH is
more frequently encountered in patients with

vital teeth prepared for restoration because
1.2-1.5 mm of tooth structure is removed and
approximately 1-2 million dentin tubules are
exposed in the process of tooth preparation [4].
Additionally, the generation of heat by friction is
an important hypersensitivity factor [5].

Several medicines and treatments have been
recommended to relieve sensitivity, such as
Duraphat, Bifluorid 12 and Prime & Bond NT,
which basically work by occluding the dentin
tubules in varying degrees and restraining the
movement of liquid [6-9]. However, a question
has been raised about that the application of
desensitizers may affect bond strengths on
account that they seal the dentin tubules or
induce a chemical interaction with the dentin
organic matrix [10]. Many scholars have investi-
gated the influences of desensitizers on the
bond strength of cements and have drawn dif-
ferent conclusions. Some studies stated that
the tensile bond strength of GIC is decreased
significantly after treatment with desensitizing
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Table 1. Names, lot numbers, and manufacturers of the tested

a comparison of the bond
strength and durability of Re-

lyX™ U200, GIC, and RMGIC

materials

Name Lot Number Manufacturer

Duraphat 184339 Colgate, New York, NY, USA
Bifluorid 12 1616623/1611624 Voco GmbH, Cuxhaven, Germany

Prime & Bond NT 1612000416
RelyX™ U200 625134

Fitek™ Z250 N655907

Dentsply, Konstanz, Germany
3M ESPE, St Paul, MN, USA

GIC 1539532/1534398 Voco GmbH, Cuxhaven, Germany
RMGIC N836563/N837397 3M ESPE, St Paul, MN, USA

3M ESPE, St Paul, MN, USA

with the desensitizers cover-
ed in this study has rarely
been reported. Moreover, few
studies have compared the
effects of the desensitizati-
on and adhesion strengths of
Duraphat and Bifluorid 12.
Therefore, the aim of this

materials, but the retentive strength of resin
cements is largely increased [11]. Sarac et al.
found that all desensitizers decreased the
bond strength of resin cements to dentin, ex-
cept for hydroxyethyl methacrylate (HEMA) con-
taining a desensitizing agent [12].

This project selected three common desensi-
tizing materials (Duraphat, Bifluorid 12 and Pri-
me & Bond NT) and bonding systems (RelyX™
U200, GIC and RMGIC). Duraphat is a varnish
with 2.3% F and has been established that it
has effective desensitization. Some scholars
have suggested that the application of Du-
raphat could form a spherical calcium fluoride
(CaF,) on the dentin surface [6, 13]. Bifluorid
12 contains 5.6% F, and sodium fluoride parti-
cles penetrate into tubules to prevent hyper-
sensitivity and CaF, or CaFlike deposits on
the dentin surface which decrease the dentin
permeability [7, 13]. A previous study indicat-
ed that the application of Bifluorid 12 prior to
cementation prevented the forming of a stable
hybrid layer resulting in a bond strength reduc-
tion [14]. Prime & Bond NT possesses a favor-
able penetrability and adhesiveness quality,
and it exposes dentin tubules by acid-etching,
then resin penetrates into tubules, a polymer-
izing resin tag to block tubules mechanically
(8l

Numerous studies have investigated the str-
engths of GIC and RelyX™ U200 after coating
with fluoride containing desensitizers [8, 15].
Most of studies stated that desensitizing paste
can be safely used on dentin to alleviate sensi-
tivity after cementation without compromising
the retention of crowns luted with RelyX™
U200, but the bond strength of GIC would de-
crease by a large margin [15]. Additionally, the
adhesion persistence of cements is critical for
the long-range success of dentin [16]. However,
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study is to compare desensi-
tizing materials (Duraphat, Bi-
fluorid 12 and Prime & Bond NT) on the bond
strength and adhesion persistence of cements
(RelyX™ U200, GIC and RelyX™ Luting cement),
so as to help clinicians select the most effec-
tive therapy for vital teeth preparation. The null
hypotheses were as follows: (1) the bond
strength would not be affected by desensitiz-
ers; (2) thermal-cycling would not affect the
bond strength.

Materials and methods

Three desensitizing materials, three bonding
agents, and resin prostheses materials were
evaluated in this study. The brands, lot num-
bers, and manufacturers of the tested materi-
als are listed in Table 1, and their handing pro-
cedures are listed in Table 2.

Specimens storage

We collected 68 intact and plesiomorphic pre-
molars extracted for orthodontic reasons at
the Hospital of Stomatology, Southwest Medi-
cal University and cleaned them mechanically,
then we stored in distilled water at 4°C until
the experiment began (we changed the distill-
ed water once a week, and the total storage
time was less than 2 months). The study con-
sisted of an SBS test (60 premolars) and an
SEM test (8 premolars).

SBS test

The flow chart of the shear test is shown in
Figure 1. The teeth were located parallel to
their long axis on a custom-designed cup fill-
ed with die stone materials and placed on a
milling machine. The buccal or lingual surfaces
of the teeth structure were removed a uniform
depth of 1.2-1.5 mm until superficial dentin
was exposed, then we cut these samples trans-
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Table 2. Handling procedures of the tested materials

Material Handling procedures

Duraphat Apply pea-sized Duraphat to prepared surface with a brush and massage it gently, then remove it with water and air dry.

Bifluorid 12 Apply it to the tooth surface, and allow it to be absorbed for 10-20 s and air dry.

Prime & Bond NT Etch enamel and dentin, with 37% phosphoric acid, rinse with water, and blot dry, apply Prime & Bond NT to the tooth surface and light-cure for 20 s.
RelyX™ U200 The base paste and catalyst paste mix within 20 s and apply it to the tooth surface. Finally, cure it for 20 s.

GIC Mix the powder with liquid in accordance with ratio of 1:1, and apply to the tooth surface.

RMGIC Dispense powder and liquid according to powder/liquid ratio of 1.6:1 by weight, mix them within 30 s and apply it to prosthesis.

Fitek™ Z250 Apply resin into plastic matrix to 2 mm height and light cure for 20 s.
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Figure 1. Distribution .
of specimens. premolar specimens
(n=120)
I 1 ] ]
Control Duraphat Bifluorid 12 Prime & Bond NT
(n=30) (n=30) (n=30) (n=30)

RelyX™ U200 (n=10) RelyX™ U200 (n=10)

RelyX™ U200 (n=10)

RelyX™ U200 (n=10)

GIC (n=10) GIC (n=10) GIC (n=10) GIC (n=10)
RMGIC(n=10) RMGIC (n=10) RMGIC (n=10) RMGIC (n=10)

Thermal Thermal Thermal Thermal

24h egeting 24h g 24h i 24h s
Table 3. SBS of the different groups (MPa, X + s) oups were subdivided into three sub-
groups of 10 each in which RelyX™
RelyXxU200 __ GIC RMGIC U200 (3M ESPE, St Paul, MN, USA),
24 h Control 7.19+0.91 2.84+0.78 5.81+0.91 Glass ionomer luting cement (Voco
Duraphat 4.16+1.41 1.33+0.63 1.66+0.54 GmbH, Cuxhaven, Germany) or RelyX™
Bifluorid 12 4.73+1.73 0.90+0.47 1.03+0.46 Luting Cement (3M ESPE, St Paul,
Prime & Bond NT 12.67+0.72 1.16+0.92 5.66+0.64 MN, USA) was applied to the speci-
24 h+tc Control 497+1.02 1.85+0.99 4.31+0.80 mens. A transparent circular plastic
Duraphat 1.00+0.56 0.66+0.51 0.80+0.56 matrix (r=2 mm, h=5 mm) was used to
Bifluorid 12 1.05+0.51 0.75+0.45 0.64+0.51 fabricate resin prostheses (Fitek™
Prime & Bond NT  7.30+0.67 0.53+0.44 3.31+0.64 2250, 3M ESPE, St Paul, MN, USA). All

versely at a 2 mm distance from the cemento-
enamel junction (CEJ) toward the apex with co-
Id water spraying and separated along the cen-
tral groove, yielding 120 specimens with osteo-
tome, and polished the bonding plane with a
wheel rotational polishing machine using 320,
400, and 600-grit, respectively, silica carbide
abrasive paper under a steady stream of water.
All specimens were immersed in 14% EDTA
(PH=7.4) for 1 min to pretreat the smear layer-
covered dentin surfaces [17], rinsed with distill-
ed water repeatedly, submerged into 75% ethyl
alcohol for 5 min, then dried and made ready
for use. Finally, these samples were divided
into four groups at random each containing 30
samples. The dentin surfaces in the control
group did not receive any treatment, and Du-
raphat (Colgate, New York, NY, USA), Bifluorid
12 (Voco GmbH, Cuxhaven, Germany) and
Prime & Bond NT (Dentsply, Konstanz, Ger-
many) were applied to the remaining three
groups, respectively. After 30 min, all the gr-
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specimens were pressed onto the
resin prostheses with a force of 30 N
for 5 min. After 30 min standing, these samples
were embedded in cylinders (r=1 cm, h=1 cm)
full of die stone, and the bonding interface was
slightly higher than plaster surface. Until the
plaster completely hardened, all the samples
were submerged in water at 37°C for 24 h.
After this storage time, half of the samples
were tested immediately, and the other half
were treated with thermal-cycling 5000 times
(5°C/55°C) in a thermocycling machine (TC-
501F, Well, Suzhou, China) with a dwell time of
30 s and a transfer time of 10 s [18, 19]. The
SBS values of all the specimens were mea-
sured at a crosshead speed of 0.5 mm/min in
a universal testing machine (WDW-20, Jinan,
China) until failure [19, 20]. The SBS was
expressed with MPa (P=F/S, namely the force
of dislodgment divided by the bonding area is
equal to the SBS value). Additionally, the de-
bonded surfaces of the teeth and protheses
were identified with a magnifier at 20 x magni-
fication, and the failure modes were catego-
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Table 4. Three-way ANOVA test of factors
influencing SBS

Freedom  Mean

Source of Motion Square F P

D 3 106.901 165.609 0.000*
C 2 172.941 267.915 0.000*
T 1 100.438 155.595 0.000*
DxC 6 32.504 50.354 0.000*
DxT 3 3.058 4,738 0.004*
CxT 2 24.756 38.352 0.000*
DxCxT 6 1.703 2.638 0.021*
Error 96 0.646 -

Total 120 - -

D: desensitizers, C: cements, T: thermal-cycling.
*P<0.05: statistically significant difference.

rized into four groups as follows: Type I: ce-
ment principally on the tooth surface (>75%);
Type II: cement equally distributed on the too-
th and prosthesis surfaces (25%-75%); Type lll:
cement principally on prosthesis surface (>
75%); Type IV: tooth fracture [21].

SEM test

There were 8 premolars which were divided
into four groups according to desensitizing
materials. All the samples were removed occ-
lusal structures with a uniform depth of 2 mm,
and they were sectioned perpendicularly to the
long axis of the teeth at a level of 2.0 mm dis-
tance from the CEJ toward the apex, then we
smoothed the dentin surfaces with 320, 400,
and 600-grit, respectively, silica carbide abra-
sive paper under a steady stream of water, and
then we immersed them in 14% EDTA (PH=7.4)
for 1 min, and rinsed them with distilled water
repeatedly to ensure removal of any excess
product from the surfaces. All desensitizing
materials were applied on the dentin surfaces
following the manufacturer’s instructions, and
then the control samples were gently rinsed
with distilled water for 10 s. After the applica-
tion of the desensitizers, all the specimens
were split along the central groove with osteo-
tome and were coated with a layer of palla-
dium using an ion sputter coater (E-1010, HI-
TACHI, Japan), then we observed the dentinal
tubules’ occlusions and the tubules’ profiles
under SEM (SU1510, HITACHI, Japan) at 15.0
KV. The SEM photomicrographs acquired at
x 2,500 magnification were evaluated by one
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examiner who was blinded to the experiment
program.

Statistical analysis

The SBS values data were analyzed using a
three-way ANOVA (desensitizer, cement and
thermal-cycling), a two-way ANOVA and an LSD
test to analyze the multiple comparisons with
the help of SPSS 21.0. The level of statistical
significance was set at 0.05.

Results
Shear bond test

The SBS mean values and standard deviations
of all the groups are presented in Table 3. The
RelyX™ U200+Prime & Bond NT treatment
without thermal-cycling showed the highest
SBS mean value (12.67+0.72 Mpa), while the
GIC+Prime & Bond NT treatment with thermal-
cycling showed the lowest value (0.53+0.44
Mpa). As seen in Table 4, a three-way analysis
of variance (ANOVA) demonstrated that there
were statistically significant differences for the
factors “desensitizers” (F=165.609, P<0.05),
“cements” (F=267.915, P<0.05), “exposure to
thermal-cycling” (F=155.595, P<0.05), the in-
teraction between desensitizers and cements
(F=50.354, P<0.05), the interaction between
desensitizers and thermal-cycling (F=4.738, P=
0.004), and the interaction between cements
and thermal-cycling (F=38.352, P<0.05), as
well as the interaction among three factors
(F=2.638, P=0.021).

For the RelyX™ U200 groups, a two-way ANOVA
and an LSD test showed that the application
of the desensitizers (Duraphat, Bifluorid 12,
Prime & Bond NT) prior to cementation with
RelyX™ U200 significantly affected the SBS
values (P<0.05), but there were no significant
difference between the Duraphat and Bifluorid
12 groups (P=0.501). That is to say, Prime &
Bond NT increased the SBS value of RelyX™
U200, but Duraphat and Bifluorid 12 decreas-
ed it, and the reduction has no significant
difference.

For GIC groups, pretreating the dentin surfaces
with desensitizers (Duraphat, Bifluorid 12, Pri-
me & Bond NT) significantly reduced the bond
strength (P<0.05), but no significant difference
was found among the three groups (P>0.05).

Int J Clin Exp Med 2019;12(4):3352-3363
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Figure 2. Distribution of failure modes (number of surfaces) for each cement group according to the applied desen-
sitizers. U: RelyX™ U200, G: GIC, R: RelyX™ Luting cement, C: control group, D: Duraphat, B: Bifluorid 12, P: Prime &
Bond NT, 24 h: store in water at 37 °C for 24 h, tc: store in water at 37 °C for 24 h and thermal-cycling 5000 times.
Type I: cement principally on tooth surface (>75%); Type Il: Cement equally distributed on tooth and prosthesis sur-
faces (25%-75%); Type lll: cement principally on prosthesis surface (>75%); Type IV: tooth fracture.
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Figure 3. The SEM micrographs (2500 x) of cross-sectional view (A) and lateral view (B) of dentin tubules with no
treatment.

For the RMGIC groups, there were significantly- group didnot show any significant influence in
differences between each of the two groups the strength values.

(P<0.05), except for the untreated group with-

the Prime & Bond NT group (P=0.056), and the- According to the LSD test for cements, Re-
Duraphat group with the Bifluorid 12 group lyX™ U200 showed a higher SBS value than
(P=0.186). In other words, Prime & Bond NT othergroups (P<0.05), and the lowest was
would not influence the bond strength ofR- obtained with GIC (P<0.05). In addition, ther-
MGIC, and values for Duraphat and Bifluorid 12 mal cycling decreased the SBS values for all-
were significantly lower than the control group, thecement groups with various desensitizers
but the Duraphat group and the Bifluorid 12 (P<0.05).

3357 Int J Clin Exp Med 2019;12(4):3352-3363



Shear bond strength of various treatments to dentin
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Figure 4. The SEM micrographs (2500 x) of the cross-sectional view (A) and the lateral view (B) of dentin tubules
treated with Duraphat.
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Figure 5. The SEM micrographs (2500 x) of the cross-sectional view (A) and the lateral view (B) of dentin tubules

treated with Bifluorid 12.

Figure 2 presents the failure modes after se-
paration. For RelyX™ U200, the predominant
debonding failures were Type | (50%); for GIC,
but the failure modes were predominantly Type
Il (52.5%) and Type Il (40%); the main dislodg-
ment modes of RMGIC were Type Il (50%) and
Type Ill (37.5%).

SEM test

Photomicrographs of all groups are shown in
Figures 3-6. Dentin tubule orifices of the con-
trol groups have no smear plugobliterating the
tubules, and the tubules were straight and par-
allel (Figure 3A, 3B). The Duraphat groups
revealed that fluoride precipitants were on the
dentin surface, occluding the dentin tubules
partially, and from a lateral view, most of
tubules were blocked by sedimentation (Figure
4A, 4B). The SEM observation of the Bifluorid
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12 groups showed remarkable depositions on
the dentin surfaces and within the tubules,
sealing the dentin tubules completely (Figure
5A, 5B). The Prime & Bond NT groups produc-
ed a uniform hybrid layer with less-exposed
dentin tubules, and convex structures within
the tubules could also be observed (Figure 6A,
6B).

Discussion

Both null hypotheses claiming that the bond
strength would not be affected by desensitiz-
ers and thermal-cycling would not influence
the bond strength were rejected. Because
some groups with desensitizing materials had
decreased the bond strength compared to the
untreated group, the thermal-cycling was not
beneficial for the bond strengths of all the gr-
oups.

Int J Clin Exp Med 2019;12(4):3352-3363
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SU1510 15.0kV 11.4mm x2.50k SE

Figure 6. The SEM micrographs (2500 x) of the cross-sectional view (A) and the lateral view (B) of dentin tubules

treated with Prime & Bond NT.

In this study, the mean SBS value required to
dislodge the crowns luted on untreated spe-
cimens with RelyX™ U200, GIC and RMGIC
were 7.19+0.91 Mpa, 2.84+0.78 Mpa, 5.81+
0.91 Mpa, respectively.

For the Duraphat applied specimens, the bond
strengths required to dislodge the crowns lu-
ted with RelyX U200, GIC and RMGIC were
4.16+1.41 Mpa, 1.33+0.63 Mpa, 1.66+0.54
Mpa, respectively, which were found to be low-
er when compared with untreated specimens
(P<0.05). The finding is corroborated by previ-
ous observations demonstrating that the fluo-
ride-containing agents lead to a lower retentive
strength value [22-24]. Acar et al. stated that
pretreatment of dentin surfaces with fluoride
reduced the retentive strength of resin cements
[23]. For Relyx™ U200, adhesion is probably
achieved by micromechanical retention which
occurs between demineralized dentin and the
resin cement. Duraphat occluding the dentin
tubules leads to a loss of micromechanical in-
terlocking, thus decreasing the bond strength.

As shown in Table 3, when Bifluorid 12 was
applied as a desensitizer on dentin surfaces,
the bond strength of RelyX™ U200, GIC and
RMGIC were 4.73+1.73 Mpa, 0.90+0.47 Mpa,
1.03+0.46 Mpa, respectively. These findings
implied that Bifluorid 12 caused a great de-
gree loss of the bond strengths of the three
cements compared with untreated specimens
(P<0.05). This conformed to the conclusions
of the previous study, which reported that Bi-
fluorid 12 significantly decreased the SBS val-
ues on account of the morphological changes
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of the dentin surface and the dentin tubules
[25]. Kulink et al. also demonstrated that the
bond strengths of resin cements decreased
when desensitizers containing sodium fluoride
and calcium fluoride were applied to a dentin
surface [26].

Duraphat is a varnish with 2.26% sodium fluo-
ride (PH=4.5), and the principal components
of Bifluorid 12 are 2.71% sodium fluoride and
2.92% calcium fluoride. Fluorinion infiltrates
into the dentin tubules and produces fluorapa-
tite depositions, which seal the dentin tubules
and relieve them from any outside stimulus
that might reduce sensitivity [27]. In addition,
the fluoride concentration compensates those
dissolved apatite minerals and facilitates rem-
ineralization, and the CaF, or CaF-like deposi-
tions on the dentin surface reduced the dentin
permeability [13, 28, 29]. In general, chemical
protection and mechanical barriers guarantee
its desensitization [13, 28, 29]. After employing
Duraphat or Bifluorid 12 to a dentin surface,
the bond strength values of the three cements
significantly decreased. There are some rea-
sons for this: (1) as presented in the SEM micro-
graphs, fluorapatite not only occludes the den-
tin tubules, but it also fills in the irregular den-
tinal surface; this way, it decreases the me-
chanical retention of cements; (2) they could
form a spherical calcium fluoride on the dentin
surface which could change tooth surface mor-
phology, hindering the formation of resin tags
and affecting bonding strength [6]; (3) although
Duraphat possesses stickiness, it is easy to
soften and shield when it encounters mechani-

Int J Clin Exp Med 2019;12(4):3352-3363
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cal and chemical stimuli, and tiny cracks would
further reduce the retentive strength; (4) the
products of Bifluorid 12 on the dentin surface
neutralize the acid from the etching agents,
obstructing the sufficient infiltration of the resin
monomer, preventing the formation of a stable
hybrid layer, and leading to a decline in the
bond strength [14]. The consequences of this
study manifested that the bond strengths
obtained from groups exposed to Bifluorid 12
were lower than those exposed to Duraphat
(Table 3), although it has no statistical signifi-
cance (P>0.05). This conclusion conformed to
the findings of a previous study by Sarac et al.
[12] who stated that the retentive strength
value between the resin cements and dentin
surface showed an adverse relationship with
the fluoride content of desensitizers [12].

When on Prime & Bond NT applied specimens,
the necessary bond strength to dislodge cro-
wns cemented with RelyX™ U200 was 12.67+
0.72 Mpa, a significantly higher bond strength
of RelyX™ U200 compared to the control group
(P<0.05). This conclusion is contrary to a previ-
ous investigation which claimed that the appli-
cation of Prime & Bond NT did not affect the
retentive bond of resin cement (Panavia) [30].
The difference may be attributed to the resin
cement types and their compositions in the
mentioned studies. But above all, the bonding
property of resin cements rests with the quality
of the hybrid layer, which is formed during
dental preparation [31, 32]. Otherwise, we also
thermo-cycled these specimens, a step which
was not performed in the earlier studies.
RelyX™ U200 resin cement is a dual-curing
self-adhesive cement, and it is incapable of
demineralizing the dentin fully, which hinders
the formation of the hybrid layer and resin tags
[33]. However, Prime & Bond NT exposes den-
tin tubules and the collagen network of demin-
eralized dentin by acid-etching, then the resin
penetrates into the tubules, polymerizing the
resin tags and the hybrid layer to block the
tubules mechanically and reduce the move-
ment of the fluid [8], which is verified in the
SEM pictures. HEMA monomers in RelyX™
U200 have a chemical affinity to resin layers
[34]. Therefore, the joint utilization of RelyX™
U200 and Prime & Bond NT have the desir-
ed effect of desensitization and adhesion.

After treating the samples with Prime & Bond
NT, however, the bond strength required to dis-
lodge crowns luted with GIC was 1.16+0.92
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Mpa, which was found to be significantly re-
duced compared to the untreated samples
(P<0.05). The conclusion was consistent with
earlier study stating that resin desensitizing
agents reduced retention with GIC [35]. The
adhesive mechanism of GIC to dentin surfac-
es consists of the mechanical retention force
(48.3%) and chemical bonding (51.7%) [36].
Desensitizers weaken the mechanical interlo-
cking by occluding the dentin tubules, and the
coverage of the desensitizers prevents ionic
interaction between the carboxyl group of po-
lyacid chains and calcium on the tooth surface
[37]. Therefore, for GIC, any type of desensitiz-
ing material (Duraphat, Bifluorid 12, Prime &
Bond NT) would lead to a significantly decreas-
ed SBS value.

When we applied Prime & Bond NT prior to the
cementation with RMGIC, the bond strength
required to dislodge the crown was 5.66+0.64
Mpa, and this finding implies that the reten-
tive ability of RMGIC is unaffected by Prime &
Bond NT (P>0.05), which was in agreement
with the finding of earlier study by Swift et al.,
who reported that resin desensitizing agents
had little or no effect on the retention of crowns
cemented with RMGIC [38]. A possible reason
could be that the adhesive mechanism of RM-
GIC is achieved through chemical bonding be-
tween negatively charged carboxylic acid gr-
oups of cement and the positively charged po-
lyacid calcium ions of dentin, in combination
with micromechanical bonding through infiltra-
tion into the collagen network [39].

Thermal-cycling was an artificial aging tech-
nique to verify the durability of cements simu-
lating the oral conditions. The effect of thermal-
cycling on the bond strength is affected by the
number of cycles, temperature settings, dwell
time and so on [40]. The number of cycles is
supposed to be the crucial facet [41]. The ISO
standard addressed that it was an appropriate
test for aging cements to be subjected to 500
thermal cycles between 5°C and 55°C [41].
However, results of previous studies reported
that 500 thermal cycles were not effective in
reducing the SBS between cements and den-
tin surfaces but 5000 thermal cycles at le-
ast, since the performance improvement of
cements [18, 42]. Many researchers stated
that 10000 thermal cycles were equivalent to
1 year of in-vivo functioning [43]. In this study,
thermal-cycling significantly decreased the me-
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an SBS values of all groups (P<0.05), which
conformed to the previous studies claiming
that thermal-cycling had an adverse effect on
bond strength [20, 32, 44]. The possible expla-
nations could be as follows: (1) hot water may
accelerate the movement of water on the bond-
ing interface, the extraction of poorly polymer-
ized resin oligomers, the hydrolysis of interface
materials, as well as the aging and plastifying
of resin, resulting in decreasing mechanical
properties of the bonding systems [45-47]; (2)
on account of the different dilatation coeffi-
cients, temperature variations produce internal
stress and cracks at the tooth-biomaterial in-
terface, leading to the degradation of the bond
strength [36, 48, 49].

When the failure modes were inspected, the
observations also reflected these characteris-
tics. In this study, a lower type value is benefi-
cial, because the bond strength between ce-
ment and the dentin is greater than prosthesis
and there is less cement to be removed from
the crown after debonding [50]. For RelyX™
U200, the predominant debonding failures we-
re Type | (50%), and Type lll was more pro-
nounced in those groups in combination with
Duraphat or Bifluorid 12; for GIC, the failure
modes were predominantly Type lll (52.5%) and
Type Il (40%); for RMGIC, the value mainly was
Type Il (50%) and Type lll (37.5%); the applica-
tion of Duraphat and Bifluorid 12 lead to higher
type values, which implied that less cement
remains on the tooth surface, corresponding to
lower SBS values. The combination between
Prime & Bond NT and various cements have
different effects on failure mode, which also
agreed with the changes in the SBS values.
Additionally, after thermal-cycling, the increas-
ing type values implied that the interaction
between the dentin surfaces and the cements
decreased.
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