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Clinical Relevance

Both self conditioner and cavity conditioner have the potential to improve the bond
strength and durability of resin-modified glass ionomer cement (RM-GIC) to sound and
carious root dentin; however, ethylenediamine tetraacetic acid conditioning with RM-GIC
to root dentin should be avoided.

SUMMARY

In this laboratory study, the microtensile
bond strengths (lTBS) of resin-modified glass
ionomer cement (RM-GIC) to sound and arti-
ficial caries–affected bovine root dentin
(ACAD) using three different conditioning
agents were evaluated after 24 hours and
three months. The fractured interface was
examined with a scanning electron micro-

scope (SEM). Specimens were created on bo-
vine root dentin that was embedded in epoxy
resin. For the ACAD specimens, artificial car-
ious lesions were created. The RM-GIC (Fuji II
LC) was applied either directly (no treatment),
after application of self conditioner, cavity
conditioner, or 17% ethylenediamine tetraace-
tic acid (EDTA) applied for 60 seconds, on
sound dentin and ACAD, then light cured.
They were stored in artificial saliva for 24
hours or three months. Following this, the
specimens were cut into sticks for the lTBS
test, and the failure mode of the debonded
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specimens was examined by using SEM. Pre-
test failures were excluded from the statistical
analysis of the lTBS values because of their
high incidence in some groups. Results
showed that the lTBS values were significant-
ly affected by the dentin substrate as well as
the conditioning agent. Self conditioner pro-
vided the highest and most stable lTBS values,
while cavity conditioner showed stable lTBS
values on sound dentin. Both self conditioner
and cavity conditioner had significantly high-
er lTBS values than the no treatment groups.
EDTA conditioning reduced the lTBS after
three months to sound dentin, while it showed
100% pretest failure with ACAD for both
storage periods.

INTRODUCTION

Root surface caries is becoming a common clinical
phenomenon because of the aging population and
increasing number of elderly people maintaining
their teeth. This presents new challenges from a
restorative perspective, with root surface caries
being found to be one of the main risk factors of
tooth loss in older adults.1 Previous epidemiologic
studies have shown that the incidence of root caries
increases with age.2,3 In Japan, for example, Imazato
and others4 showed an incidence of root caries of
53.3% in a selected sample of 287 adults older than
60 years.

Resin-modified glass ionomer cement (RM-GIC)
was introduced in 1988 to improve the mechanical
and esthetic properties of the conventional GICs by
the addition of hydrophilic monomers such as 2-
hydroxyethyl methacrylate (HEMA) as well as other
resins and photoinitiators to the fluoroaluminosili-
cate glass and polyacrylic acid in the conventional
glass ionomer cement.5,6 Its lower sensitivity to
moisture as well as fluoride release made it a
successful option for the restoration of root caries
lesions, especially in cases adjacent to gingival
tissues, which makes complete isolation and access
for material placement difficult.

Bonding of the RM-GIC to tooth structure occurs
via two mechanisms: chemical bonding between
anions of polyalkenoic acid chains and calcium ions
in hydroxyapatite7 and micromechanical adhesion
limited to retention provided by the intrinsic surface
roughness of dentin and porosity created by the RM-
GIC’s self-etching characteristics.8 Several condi-
tioning agents have been evaluated with enamel and
coronal dentin.

Caries-affected dentin (CAD) is one of the most
relevant substrates in clinical practice. For conser-
vative purposes, CAD should be retained and thus
become the bonding substrate. Unlike caries-infected
dentin, CAD has much fewer bacteria and can be
remineralized9,10 because of the presence of cross-
linked collagen, a key to remineralization.11 Howev-
er, CAD has a higher degree of porosity due to
mineral loss, greater water content, and typically a
thicker smear layer when cut.12 Previous studies
showed lower bond strength values to CAD than to
intact dentin with RM-GIC,13,14 conventional glass
ionomer cement,14 and resin composite materials.15

To avoid the great variability in the CAD mor-
phology and also to obtain a flat and uniform surface,
an artificial caries–affected model (ACAD) was made
in an attempt to simulate natural caries–affected
dentin (NCAD). The properties of the ACAD showed
a similarity to NCAD in nanohardness and mineral
density of the superficial layer (approximately 150
lm). Similar bond strength values were obtained in
NCAD and ACAD with a two-step self-etch adhe-
sive.16

There is little information about the bond strength
of RM-GIC to ACAD; therefore, the aim of this study
was to evaluate the microtensile bond strength
(lTBS) to sound and artificial caries–affected root
dentin using different conditioning materials after
storage in artificial saliva for 24 hours and three
months. The null hypotheses of this study were that
there are no significant differences in lTBS among
different conditioning, dentin substrates, and stor-
age periods.

METHODS AND MATERIALS

Forty bovine teeth were collected and stored frozen,
pulp tissues were removed, and root surfaces were
cleaned with periodontal curettes prior to experi-
mental procedures. A low-speed diamond saw (Iso-
met, Buehler, Lake Bluff, IL, USA) was used to
separate the crown and the apical part of the root
under water cooling and then discarded. The
remaining root portion was cut along the longitudi-
nal axis and transversally to obtain four dentin
blocks from the cervical and middle parts of the root,
and each block was then embedded in epoxy resin
(Epoxicure2, Buehler) using a cylindrical mold. After
curing of the resin, the surface was manually wet
polished with 600-grit SiC paper to expose flat root-
dentin surfaces. The specimens were divided into
two main groups: sound dentin and ACAD. For the
sound dentin group, the smear layer was standard-
ized by grinding with 600-grit SiC paper for five
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seconds. For the ACAD group, each specimen was
immersed in 15 mL of demineralizing solution (1.5
mM CaCl2, 0.9 mM KH2PO4, 50 mM acetic acid,
0.02% of NaN3 at pH 4.5)16 at 378C for 60 hours.
Following this, the specimens were rinsed thorough-
ly with deionized water.

The demineralized surface was ground with 600-
grit SiC paper for five seconds to create a deminer-
alized dentin surface with a smear layer, which was
checked by optical coherence tomography (Santec
OCT-2000, Santec Co, Komaki, Japan) to ensure a
standardized demineralized layer approximately
150-lm deep.

Specimen Preparation

The sound and ACAD root dentin surfaces were
conditioned with either cavity conditioner (GC Corp,
Tokyo, Japan), self conditioner (GC Corp), or 0.5 M
ethylenediamine tetraacetic acid (EDTA). For the
cavity and self conditioner subgroups, each was
applied to the dentin surface according to the
manufacturer’s instructions described in Table 1.
EDTA was prepared by dissolving 2NA(EDTA�2Na)
(Dojindo Molecular Technologies, Kumamoto, Ja-
pan) in distilled water to obtain an EDTA solution
of concentration 0.5 mol/L at pH 7.0. It was applied
as a conditioner for 60 seconds and then washed with
an air-water syringe for 10 seconds and gently air
dried. The dentin surfaces without conditioning were
left as a control group. Following this, the Fuji II LC
capsule (RM-GIC) was mixed using a GC Capsule
Mixer CM-II (GC Corp) for 10 seconds, applied to the
dentin surface in a cylindrical mold 2-mm high, and
then light cured for 20 seconds using a halogen light

curing unit (Optilux 501, Kerr Corp, Orange, CA,
USA) at 600 mW/cm2 output. The bonded specimens
were stored separately in artificial saliva at 378C for
24 hours and three months. Each week, the artificial
saliva was replaced with freshly prepared solution at
room temperature during the three-month storage
period.

Measurement of lTBS

After each storage period, each bonded specimen was
longitudinally sectioned in two directions perpendic-
ular to each other across the bonded interface to
obtain sticks of approximately 131 mm for the lTBS
test. Digital calipers (Mitutoyo Corp, Kawasaki,
Japan) were used to check the cross-sectional area
of the sticks. A total of 20 sticks for each subgroup
were tested. Each stick was fixed to the test jig with
a cyanoacrylate adhesive (Zapit, Dental Ventures of
American, Anaheim Hills, CA, USA) and stressed in
tension using a universal testing machine (EZ-Test,
Shimadzu, Kyoto, Japan) at a cross-head speed of 1
mm/min until failure. The procedures of specimen
preparation for the lTBS test are shown briefly in
Figure 1.

When pretest failures occurred during cutting of
the bonded specimens, these specimens were exclud-
ed from the calculation of the lTBS values. However,
the discarded specimens were counted, and the
survival rate was calculated for each group. Normal
distribution of lTBS strength data was assumed
after Shapiro-Wilk test. Bond strength values were
analyzed by three-way analysis of variance (AN-
OVA) with repeated measures to determine the

Table 1: Restorative and Conditioning Materials Used in the Study, Manufacturer, Batch Number, Composition, and Method of
Application

Brand Name and Manufacturer Batch
Number

Chemical Composition Method of Application Code

Cavity conditioner (GC Corp,
Tokyo, Japan)

1508101 77% distilled water, 20% polyacrylic
acid, 3% aluminum chloride hydrate
pH 1.9

Applied to the surface for 10 seconds
Rinsed thoroughly with water and dried
without desiccation

CC

Self conditioner (GC Corp,
Tokyo, Japan)

1411111 20%-30% HEMA, 5%- 10% 4-META,
30%-35% distilled water, 28%-40%
ethanol
pH 1.8

Applied to the surface and left
undisturbed for 10 seconds
Air dried for 5 seconds

SC

EDTA (Dojindo Molecular
Technologies, Japan)

0.5 M 2NA(EDTA�2Na) in distilled
water
pH 7

Applied to the surface for 60 seconds
Washed with water for 10 seconds and
air dried gently

EDTA

Fuji II LC capsule shade A2 (GC
Corp, Tokyo, Japan)

1505151 Fluoro-alumino-silicate glass,
polyacrylic acid, HEMA, urethane
dimethacrylate, camphorquinone,
water

Capsule mixed for 10 seconds and
applied on dentin surface, then light
cured for 20 seconds

Abbreviations: EDTA, ethylenediamine tetraacetic acid; HEMA, 2-hydroxyethylmethacrylate; 4-META, 4-methacryloxyethyltrimellitate anhydride.
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effect of dentin substrate, conditioning agent, and
storage condition.

Two-way ANOVA was then used to test for
significant differences in conditioning agent and
storage condition with each dentin substrate, fol-
lowed by t-test with Bonferroni correction for pair-
wise comparison. The t-test was used to analyze the
significant differences in lTBS value at 24 hours and
three months with each conditioning material under
each type of dentin substrate. All statistical calcula-
tions were performed using the statistical software
package Statistical Package for the Social Sciences
for Windows (SPSS, SPSS Inc, Chicago, IL, USA)
with a=0.05.

For failure mode evaluation after debonding, the
debonded specimens were fixed on a specimen holder
using double-sided adhesive tape and sputter coated
for evaluation under scanning electron microscope
(SEM; S-4500, Hitachi, Ibaraki, Japan) at 15 kV
accelerating voltage. Failure modes were classified
into the following three categories: adhesive failure
(failure at the dentin-material interface), cohesive
failure (failure within the material or dentin itself),
and mixed failure (partially adhesive and cohesive
failure).

SEM Observations of Conditioned Dentin
Surfaces

To observe the conditioned dentin surfaces, eight
sound and ACAD dentin specimens’ surfaces were
treated in the same manner as described for
specimen preparation for the lTBS test to obtain

two specimens for each condition. The dentin
surfaces were fixed by hexamethyldisilane for 10
minutes,17 dried in a desiccator for 24 hours, and
gold coated for SEM observation.

RESULTS

Table 2 shows the mean lTBS values of the RM-GIC
to sound and ACAD after 24 hours and three months
of storage in the artificial saliva as well as the
survival rate for the different experimental groups.
Three-way and two-way ANOVA followed by t-test
with Bonferroni correction detected that dentin
condition, storage period, and conditioning agent
have a significant effect of the lTBS to dentin. For
each conditioner, the lTBS values in sound dentin
were significantly higher than those in ACAD
(p,0.05), except for three months with no treatment
‘‘none’’ group, due to the significant drop in bond
strength with sound dentin, which approaches its
corresponding value in the ACAD group.

For the sound dentin, the three conditioners
significantly increased the lTBS of RM-GIC to
dentin (p,0.05) after 24 hours, in which self
conditioner provided the highest lTBS, followed by
EDTA and cavity conditioner. The lowest lTBS was
obtained in the ‘‘none’’ group. After storage for three
months, the lTBS of self conditioner remained the
highest among the groups. However, a significant
reduction in bond strength occurred for the ‘‘none’’
and EDTA groups. The lTBS of the self conditioner
and cavity conditioner groups showed no significant
change after three months of storage, although

Figure 1. Schematic diagram showing specimen preparation for the lTBS test.
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slight decreases were recorded. The survival rate
decreased markedly in the ‘‘none’’ and EDTA groups
but was almost stable with cavity conditioner and
self conditioner, both of which had the highest
survival rates.

For the ACAD groups, self conditioner also showed
the highest lTBS values after 24 hours, followed by
cavity conditioner and then ‘‘none.’’ The difference
between them was significant (p,0.05). The EDTA-
conditioned group resulted in no specimens surviv-
ing during trimming procedures at either time
period. After storage for three months, there was a
significant reduction in bond strength for cavity
conditioner and ‘‘none,’’ whereas the self conditioner
group remained the same.

Regarding failure mode (Table 3), after 24 hours,
the mixed mode of failure was predominant in all
conditioned sound dentin groups except for EDTA, in
which adhesive failure was predominant. For the
ACAD group, the predominant mode of failure was
adhesive for the ‘‘none’’ group, while both adhesive
and mixed mode of failures were equally predomi-
nant for the self conditioner and cavity conditioner
groups. For the ACAD with EDTA conditioning, no
sticks could be obtained for mode of failure investi-
gation after the lTBS test because of debonding
during preparation. After storage for three months,
adhesive failure decreased for both the cavity
conditioner and self conditioner groups but increased
for the ‘‘none’’ and EDTA groups with sound dentin.
For ACAD, the adhesive failure rate reduced with all
groups, and no bonded sticks survived during
preparation from the EDTA group.

Representative SEM images of the ACAD and
sound dentin surfaces after each conditioner appli-
cation showed a difference in the action of each
conditioner with the smear layer and dentinal
tubules openings of each dentin substrate, as shown
in Figure 2. Cavity conditioner showed removal of
the smear layer to a greater extent and partial

opening of dentinal tubules, whereas EDTA totally
unplugged the dentinal tubules and completely
removed the smear layer. For the ACAD surfaces,
a denser smear layer was observed; however, cavity
conditioner managed to expose more open dentin
tubules and a less compacted smear layer than the
nonconditioned surface, while the EDTA-conditioned
surface showed a smooth surface with occluded
dentin tubules.

DISCUSSION

Previous studies reported that risk for root caries
among individuals increased with the presence of
exposed root surfaces, especially in elderly patients,
patients with gingival attachment loss, or patients
with deep pocket probing depths18; however, such
findings are still disputed. Root dentin was used as
the substrate with RM-GIC and conditioners in this
study. Although RM-GIC is an excellent restorative
choice for root caries treatment, coronal dentin has
been routinely used as a bonding substrate in most
laboratory studies because of its ease of preparation
and use. Root dentin has not generally been used as
bonding substrate because of the small region
available for bonding, and its anatomical structure
varies from coronal dentin.19 Therefore, no previous
published work was noted by the authors on
prominent evaluation of the adhesive properties of
RM-GIC to human root dentin. Root dentin typically
exhibits fewer dentinal tubules and lower perme-

Table 2: Mean lTBS Values (MPa) and Percentage of Survived Sticks for Resin-Modified Glass Ionomer Cement to Root
Dentina

Conditioning Sound Dentin ACAD

24 Hours 3 Months 24 Hours 3 Months

None 13.4 6 2.3 (78) 4.3 6 1.5C (30) 7.2 6 1.9 (55) 4.5 6 1.9C (50)

CC 18.5 6 3.3A (91) 17.1 6 5.5A (89) 11.9 6 2.2 (85) 8.9 6 2 (85)

SC 26.6 6 4.4B (100) 25.3 6 3.9B (100) 14.6 6 3.3a (100) 14.1 6 3.5a (100)

EDTA 21.5 6 3.5A (100) 4.6 6 1.6C (35) n.d. (0) n.d. (0)

Abbreviation: CC, cavity conditioner; SC, self-conditioner, EDTA, ethylenediamine tetraacetic acid; n.d., not detected.
a Mean values 6 standard deviation. Groups identified by similar large/small superscripts were not significantly different at p,0.05. Numbers in parentheses are
survival percentage after sticks preparation.

Table 3: Mode of Failure of Specimens (Percentage)a

Conditioning Sound Dentin ACAD

24 Hours 3 Months 24 Hours 3 Months

None 35/48/17 55/45/0 70/30/0 32/52/16

CC 30/56/14 25/52/24 45/47/8 17/53/30

SC 17/50/33 9/29/62 45/39/16 19/37/44

EDTA 54/13/33 70/30/0 n.d. n.d.
a Values are presented as adhesive failure mode/mixed failure mode/
cohesive failure mode.
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ability compared with coronal dentin. It should be
noted that there is also a difference in the micro-
hardness and the microstructure between coronal
and root dentin because of a variation in the
organization of both collagen fibrils and apatite

minerals.20 Fewer dentinal tubules exist, and they
often have a circuitous path with a greater amount
of intertubular dentin in the root dentin. Studies
done with resin adhesives to compare bonding of
root and coronal dentin showed variations in bond
strength even for those undertaken on the same
tooth.19,21

ACAD simulates the NCAD, which is partially
demineralized. NCAD has a lower calcium and
phosphate content and greater prevalence of exposed
unprotected collagen fibrils than sound dentin.15 The
smear layer of CAD is thicker and appears to be
enriched with organic components compared with a
sound dentin smear layer.22 This fact leads to a
decrease in both micromechanical and chemical
bonding between the carboxyl groups of the poly-
alkenoic acid and calcium ion of hydroxyapatite.14,23

ACAD has a mineral density similar to that of
NCAD16,24; however, ACAD was created in a short
period of time under controlled conditions using a
demineralizing solution and is devoid of crystal logs
occluding some of the dentinal tubules of the
NCAD,25 making the ACAD more standardized
among specimens. According to the current results,
the lTBS of the RM-GIC to ACAD was significantly
lower compared with sound dentin in all groups. The
SEM images of the ACAD groups in Figure 2B
showed an apparently denser but diffuse smear layer
with fewer open dentinal tubules available for resin-
modified glass ionomer retention.

Fuji II LC is a light-cured RM-GIC; its bond
strength to the root dentin after 24 hours and three
months was evaluated with three conditioning
materials (cavity conditioner, self conditioner, and
EDTA). To improve RM-GIC bond strength to the
tooth structure, the manufacturer recommends
dentin conditioning with GC cavity conditioner,
which contains 20% polyacrylic acid and 3% alumi-
num chloride or GC self conditioner, containing 4-
META and HEMA. In previous studies,7,26 EDTA
was used for dentin conditioning because of its
calcium chelation action and ability to remove the
smear layer while having a neutral pH value.

It was reported that the RM-GIC used has an
initially higher bond strength than the conventional
GICs.27-30 The RM-GIC used contains HEMA, which
provides a superior wetting ability of the dentin29,31

and improves mechanical interlocking with the
dentinal tubules. In addition, the polyacrylic acid
in the RM-GIC acts as a mild self-conditioner.7 When
the smear layer on the dentin surface was not
conditioned, this layer possibly blocked the chemical

Figure 2. (A): Representative SEM images of sound dentin surface
after conditioning. (a): Sound dentin surface without conditioning with
smear layer and surface scratches of SiC No. 600 preparation. (b):
Sound dentin after cavity conditioner application showing smear layer
removal and partial opening of dentinal tubules. (c): Sound dentin after
self conditioner application showing partial dissolution of the smear
layer. The hybrid layer between the self conditioner and dentin could
not be identified. (d): Sound dentin after EDTA application showing
total dissolution of the smear layer and patent dentinal tubules. (B):
Representative SEM images of ACAD dentin surface after condition-
ing. (a): ACAD dentin surface with apparently dense smear layer. (b):
ACAD surface after cavity conditioner application showing partial
removal of the smear layer and more exposed dentinal tubules. (c):
ACAD after self conditioner application. Again, this image could not
show its mode of action. (d): ACAD after EDTA application showing
large smooth areas of collapsed collagen and plugged dentinal
tubules not suitable for micromechanical retention of RM-GIC.
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bonding of the RM-GIC to the intertubular dentin
and also limited any micromechanical interlocking to
exposed collagen fibers or patent dentinal tubules.
Retention from inherent dentin irregularities7 was
believed to be responsible for short-term bonding
strength, but on storage, the bond dropped signifi-
cantly,32 leading to high failure rates and low bond
strength of both sound and ACAD.

When cavity conditioner was used as the condi-
tioning agent, the lTBSs were significantly higher
than those of the no treatment (none) group in both
sound dentin and ACAD. The bond strength was
maintained after three months of storage in artificial
saliva with sound dentin; however, the bond
strength to ACAD decreased significantly during
storage, but the survival rate remained unchanged.

Cavity conditioner contains 20% polyacrylic acid
and 3% aluminum chloride. The SEM images
demonstrated that cavity conditioner partially re-
moved the smear layer but did not totally unplug the
dentinal tubules. The increase of lTBS may be due
to the removal of the smear layer and partial
demineralization of the underlying dentin, which
increased the surface area and microporosities.33

The exposed calcium ions within the hydroxyapatite
are available for chemical bonding with the carboxyl
groups of the polyalkenoyic acid.7 The aluminum
chloride is believed to play role in stabilization of
collagen matrix during demineralization.7 Abdalla34

reported formation of a 2-lm-thick hybrid-like layer
with resin tags of 1 lm in length when cavity
conditioner was used for conditioning of sound
dentin. According to Yui and others,35 cavity condi-
tioner increased the dentin permeability, providing
an additional source of water for the acid-base
setting reaction of the GIC, promoting the matura-
tion of the glass ionomer at the interface. These
factors may contribute to the greater resistance
against dentin bonding degradation of the RM-GIC
over time36,37 compared with the ‘‘none’’ group.
However, this thin hybrid-like layer or acid-base–
resistant layer as described by Tanumiharja and
others38 was less resistant to degradation when
cavity conditioner was used with ACAD.

Because of the resin component of the RM-GIC,
bond strength can be enhanced by incorporating
resin bonding mechanisms. Self conditioner contains
HEMA as well as 4-META, a functional monomer
that is able to chemically interact with hydroxyap-
atite in dentin39; therefore, by conditioning with self
conditioner, dentin wettability should have been
improved, allowing better monomer penetration into
the dentin and therefore improving the quality of the

hybrid layer, which may be the major source of bond
strength, as suggested by Imbery and others.7 Self
conditioner provided the highest lTBSs for each
substrate, and this outcome corresponds with previ-
ous studies.7,40 Self conditioner treatment led to the
only group in which the lTBS did not significantly
decrease after three months in both sound dentin
and ACAD.

EDTA used in this study was adjusted as 0.5 M
concentration at neutral pH, which is commonly and
effectively41 used for dentin treatment. EDTA has
the ability to chelate calcium ions and dissolve the
mineral phase of the dentin without altering the
dentin organic phase.42 The 24-hour bond with
sound dentin was the second highest. The SEM
images of the sound dentin treated with EDTA
showed complete removal of the smear layer and
lack of dentin tubule smear plugs, which may have
facilitated the micromechanical retention of the RM-
GIC. However, after three months of storage, a
significant drop in lTBS with high failure rates was
observed. It is suggested that a microporous scaffold
of collagen fibrils exposed when EDTA removed the
mineral component of the dentin enabled good
immediate bonding via micromechanical interlock-
ing, but there may have been limited chemical
bonding, which is the essential factor for dentin
bond durability for GIC.

Using EDTA with ACAD, no bonded sticks
survived during the trimming procedure for mea-
suring the lTBS. This might have been due to
disadvantages in the chelating effect of EDTA. The
low calcium content that remained in the ACAD
substrate with an unsupported weak and collapsed
collagen fibril network (Figure 2B) was not suitable
for the chemical binding of the RM-GIC. It should be
noticed that in this study, it was preferred to
standardize the number of sticks subjected to a
lTBS test among all subgroups. The high failure
rate in some subgroups led to a limitation in the
number of tested sticks.

From the failure mode, previous literature report-
ed variability in failure modes for Fuji II LC with
different conditioners.7,38,40,43,44,45 Therefore, inves-
tigation of the fractured beams was undertaken
using SEM at high magnification. It showed the
presence of a fine film of RM-GIC close to the bonded
surface, which was also reported by Yap and
others,46 who described this as the ion-exchange
layer.46,47 When calculating the mode of failure, this
thin resin layer was considered as part of the RM-
GIC. SEM micrographs for some debonded speci-
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mens taken during mode of failure investigation are
presented in Figures 3 and 4.

For the ACAD groups, the predominant mode of
failure was adhesive failure at 24 hours; however,
after three months, adhesive failure was reduced
and mixed failure was predominant except for the
self conditioner group, in which cohesive failure in
the RM-GIC predominated. It was noticed that a few
beams with mixed failure in the cavity conditioner
and self conditioner groups showed partial cohesive
fracture in the demineralized dentin layer after
three months of storage. It was notable that most of
the cohesive failures occurred in the bulk of the RM-
GIC after 24 hours. However, most of the cohesive
fractures were at the base of the RM-GIC after three
months probably because of the maturation of the
cement, leaving a thin resin surface covering the
dentin and detected by high magnification (marked
with white arrow, Figure 4d). This fact suggested
maturation of the interface between the RM-GIC
and dentin, especially when self conditioner was
used. The high incidence of a thin resin layer in the
self conditioner specimens indicated penetration of

RM-GIC into dentinal tubules and also the formation
of a true hybrid layer at the RM-GIC–dentin
interface. Therefore, the clinical implication of this
study is that use of self conditioner or cavity
conditioner has the potential to improve the bond
strength and durability of RM-GIC to sound and
carious root dentin, while using EDTA as a condi-
tioning agent to root dentin should be avoided.

CONCLUSION

According to the outcomes from the current study,
self conditioner provided a superior bond strength
with the RM-GIC Fuji II LC compared with the other
tested conditioning agents when applied to sound
and artificial caries–affected root dentin. However,
EDTA is not suitable as a conditioner for root dentin
with Fuji II LC.

Regulatory Statement

This study was conducted in accordance with all the
provisions of the local human subjects oversight committee
guidelines and policies of Tokyo Medical and Dental Univer-
sity. In this study, extracted bovine teeth were used. The
study was approved by the Human Research Ethics Commit-
tee, Tokyo Medical and Dental University. The approval code
for this study is 725.

Figure 3. SEM observations of debonded specimens at various
magnifications along the dentin side of sound groups. (a): High
magnification of adhesive failure in the ‘‘none, 24h’’ group, showing
most of the dentinal tubules occluded by the smear layer, and the
remaining scratches from the surface grinding are visible. (b): High
magnification of adhesive failure of the cavity conditioner, 24-hour
specimen. Dentin scratches are clearly visible with almost no smear
layer and partially open dentinal tubules. (c): Self conditioner, 24
hours. The upper arrow points to dentin, while the lower arrow points
to a resin area covering the dentin surface. (d): EDTA, 24-hour
specimen, showing the dentin surface with no smear layer and open
dentinal tubules.

Figure 4. SEM observations of debonded specimens at various
magnifications along the dentin side of ACAD groups. (a): Adhesive
failure of none, three months (denser smear layer than sound dentin).
(b): Mixed failure specimen of cavity conditioner, three-month group.
The ACAD surface appears at the center of the specimen. (c):
Cohesive failure of self conditioner, 24 hours, with thick resin-modified
glass ionomer at the bottom arrow that becomes thinner at the upper
arrow. (d): High magnification of self conditioner specimen to show
ACAD marked with a black arrow at the top of the image and thin RM-
GIC layer marked with a white arrow at the bottom.
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