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Objectives. Bond durability and resistance to acid-base challenge of dentin with dual-cure

resin cement have been rarely investigated. The purpose of this study was to evaluate dentin

bond  strength and observe the adhesive-dentin interface after acid-base challenge using

three different dual-cure resin cements.

Methods. Thirty dentin surfaces from caries-free human premolars were ground and bonded

with  one of three dual-cure resin cements: PANAVIA V5 (V5), ESTECEM II (E II) and Rely X Ulti-

mate  (RXU) and thermocycled for 0, 5,000 and 10,000 cycles. A microtensile bond strength

(�TBS) test was undertaken and the interface of the bonded specimens after acid-base

challenge was examined by SEM.

Results. The �TBS of V5 exhibited a stable bond strength despite thermal cycling while the

bond of EII and RXU after 10,000 cycles dropped significantly among all thermal cycle peri-

ods  (p<0.05). An acid-base resistant zone (ABRZ) was observed in all groups, however, the

morphology of the bonded interface differed among the tested cements.
Conclusion. Bonding durability to dentin and ABRZ morphologies differed among the cements

evaluated. PANAVIA V5 cement system with tooth primer provided the most reliable bond

strength and was best able to resist the acid–base challenge.
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1.  Introduction

The retention and consequently the longevity of minimally
prepared indirect restorations are strongly reliant on the
adhesive qualities of the cement [1]. The micromechani-
cal bond of dual-cure resin cements to dentin is based on
the infiltration and polymerization of a synthetic resin into
the collagen fibril network of the hybrid layer [2,3]. Some
advantages of resin cements are low solubility, good film
thickness, superior mechanical properties, optimal bonding
to dental structures and reduced microleakage [4,5]. Different
types of adhesive systems can be used prior to cementa-
tion with a resin cement to dentin/enamel surfaces as well
as metal, ceramic or composite restorative material sur-
faces [6]. Recently, computer-aided design/computer-aided
manufacturing (CAD/CAM) technology in dentistry has devel-
oped rapidly to the extent that design and manufacturing
of dental restorations can be carried out either in a com-
mercial dental laboratory or directly in the dental office.
However, adhesion between resin CAD/CAM blocks and dual-
cure resin cements may be compromised because of the high
degree of polymerization of the resin-based CAD/CAM blocks
[7,8].

Tsuchiya et al. firstly reported the presence of a zone
beneath the hybrid layer in self-etching adhesives that was
characterized by its resistance against acid and base chal-
lenges. This zone is different from the conventional hybrid
layer and caries-inhibition zone observed in fluoride-releasing
materials. Therefore, it was named the “acid–base resistant
zone” (ABRZ), which is believed to play an important role in
prevention of recurrent caries, sealing of restoration margins
and promotion of restoration durability [9]. Inoue et al. inves-
tigated the ultrastructure of the ABRZ along the interface of
human dentin specimens with three different bonding sys-
tems. In their study, an ABRZ was observed beneath the hybrid
layer for both one-step and two-step self-etching primer sys-
tems but not with an etch and rinse bonding system that
used phosphoric acid etching. There was an erosive pattern
observed around the base of the ABRZ with the one-step self-
etching primer system [10].

Umino et al. reported that resin cements also formed a
hybrid layer and prevented artificial recurrent caries initia-
tion [11]. However, there is less information about dual-cure
resin cements on hybridization and formation of an ABRZ.
ABRZ formation, in terms of morphological and mechani-
cal characteristics, is greatly influenced by the comparison
of the adhesive material. There have been many studies on
the ABRZ with direct dental restorations but less informa-
tion with regard to indirect restorations. Therefore, there are
many interesting points about how dual-cure resin cements
may achieve reliable and good bonding durability as well as
understanding the morphology of ABRZ of dentin.

Based on these considerations, the purpose of this study
was to investigate the effect of three dual-cure resin cement
systems on the dentin bonding performance and the forma-
tion of an ABRZ. The null hypotheses to be tested were that

different dual-cure resin cement systems would influence (a)
the microtensile bond strength and (b) the formation of an
ABRZ of dentin of human premolars.
5 ( 2 0 1 9 ) 945–952

2.  Materials  and  methods

The compositions of the materials used in this study are
listed in Table 1. Three dual-cure resin cements: PANAVIA V5
(V5, Kuraray Noritake Dental, Tokyo, Japan), ESTECEM II (E II,
Tokuyama Dental, Japan) and Rely X Ultimate (RXU, 3 M ESPE,
St. Paul, MN, USA) were evaluated in this study. Three adhe-
sive systems were used in conjunction with the dual-cure
resin cements tested. The adhesives are: Tooth Primer (TP)
and Clearfil Ceramic Primer Plus (CP), Scotchbond Universal
adhesive (SCU), both of which contain 10-methacryloxydecyl
dihydrogen phosphate (10-MDP) and Bondmer Lightless (BL)
consisting of a three-dimensional self-reinforcing monomer
(3D-SR). The CAD/CAM block used for the bond test was
Estelite block (Tokuyama Dental, Japan). The dentin substrate
consisted of thirty non-carious human premolars collected
after the individuals’ informed consent was obtained accord-
ing to a protocol approved by the Institutional Review Board
of Tokyo Medical and Dental University. Verbal consent was
obtained for tooth use in laboratory research under a protocol
approved by the Ethics Committee of the Tokyo Medical and
Dental University (No.723).

2.1.  Microtensile  bond  strength  (�  TBS)  testing

The outline of the � TBS test is schematically presented in
Fig. 1. The coronal portion of each tooth was removed to
expose a flat, mid-coronal dentin surface using a low-speed
diamond saw (Buehler Isomet 1000, Buehler, Lake Bluff, IL,
USA) under water cooling. The dentin surface was ground with
wet 600-grit SiC paper to produce a standardized smear layer,
and the teeth were randomly divided into three groups accord-
ing to the resin cements used. Applying primer or adhesive
and cementation procedure were performed according to the
manufacturers’ instructions. For V5 group, TP was applied to
the dentin for 10 s and CP to the Estelite block for 10 s followed
by air-blowing to remove excess material. For E II group, BL
was applied to both the dentin and Estelite block for 10 s and
afterwards was air-thinned. Similarly, SBU was also applied
to both substrates (dentin and Estelite block) for 10 s respec-
tively and air-thinned for 5 s followed by irradiation with a
visible light curing unit (G-Light Prima-II Plus, 1200 mW/cm2,
GC Corp.; Japan). Resin cement was placed onto the dentin sur-
face and the 2 mm-thick Estelite block. The CAD/CAM blocks
were alumina-sandblasted with 50 �m particles at 0.15 MPa
and then treated with primer or adhesive and light-cured with
a visible light curing unit (G-Light Prima-II Plus, 1200 mW/cm2,
GC Corp; Japan) for 40 s. After 24 h storage in water at 37 ◦C,
the bonded specimens were sectioned perpendicularly at the
resin/dentin interface into serial slabs using a low-speed dia-
mond saw (Buehler Isomet 1000, Buehler, Lake Bluff, IL, USA).
Each slab was further sectioned into 1.0 mm × 1.0 mm  resin-
dentin beams. Approximately 6 beams were obtained from
each of the 10 teeth per material group, yielding a total of 60
beams for bond strength evaluation. The specimens in each

material group were further divided into three subgroups.
One subgroup was tested after 24 h (n = 10), and the other
subgroups were thermocycled (Tokyo Giken, Tokyo, Japan) for
either 5000 or 10,000 times between 5 ◦C and 55 ◦C with a dwell

https://doi.org/10.1016/j.dental.2019.02.020
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Table 1 – Materials used in this study.

Material Composition Manufacturer Batch Number

Clearfil Ceramic
Primer Plus (CP)

ethanol, a�-MPTS, b10-MDP Kuraray Noritake
Dental

B90031

Tooth Primer (TP) 10-MDP, cHEMA, hydrophilic aliphatic dimethacrylate, accelerators,
water

Kuraray Noritake
Dental

2U0035

PANAVIAV5 (V5) Paste A: dBis-GMA, eTEGDMA, hydrophobic aromatic dimethacrylate,
hydrophilic aliphatic dimethacrylate, initiators, accelerators,
silanated barium glass filler, silanated fluoroalminosilicate glass filler,
colloidal silica

Kuraray  Noritake
Dental

BF0042

Paste B: Bis-GMA, hydrophobic aromatic dimethacrylate, hydrophilic
aliphatic dimethacrylate, silanated barium glass filler, silanated
alminium oxide filler, accelerators, dl-Camphorquinone, pigments

BONDMER Lightless
(BL)

phosphoric acid monomer, Bis-GMA, TEGDMA, HEMA, MTU-6
(thiouracil monomer), silane coupling agent,

Tokuyama
Dental

001057

peroxide, borate catalyst, acetone, isopropanol and purified water.
ESTECEM II (E II) Bis-GMA, TEGDMA, eBisMPEPP, peroxide, camphorquinone and

silica-zirconia Filler (Filler Load 74 wt%)
Tokuyama
Dental

007007

Schotchbond
Universal
Adhesive (SBU)

10-MDP, dimethacrylate resins, HEMA, methacrylatemodified
polyalkenoic acid copolymer, filler, ethanol, water, initiators, and
silane

3M  ESPE 41258S

Rely X Ultimate
(RXU)

Base:  methacrylate monomers, radiopaque silanated fillers, initiator
components, stabilizers and rheological additives

3M  ESPE 20170407

Catalyst: methacrylate monomers, radiopaque alkaline fillers,
initiator components, stabilizers, pigments, rheological additives,
fluorescence dye, dark polymerize activator for Scothbond Universal
Adhesive

ESTELITE Block
(A3-LT/14)

fUDMA, TEGDMA, silica powder, silica- zirconia filler, pigments, others Tokuyama
Dental

009026

a �-MPTS; 3-trimethoxysilylpropyl methacrylate.
b 10-MDP; 10-methacryloyloxydecyl dihydrogen phosphate.
c HEMA; 2-hydroxyethyl methacrylate.
d Bis-GMA; bisphenol A di (2-hydroxy propoxy) dimethacrylate TEGDMA; triethylene glycol methacrylate.
e TEGDMA; triethylene glycol dimethacrylate.
f BisMPEPP bisphenol A polyethoxy dimethacrylat.

Fig. 1 – Schematic drawing for the sample preparation of � TBS.

https://doi.org/10.1016/j.dental.2019.02.020
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Fig. 2 – Schematic illustration of the metho

time of 30 s before testing. The specimens were then fixed to a
universal testing device (EZ-test, Shimadzu, Kyoto, Japan) and
stressed in tension at a crosshead speed of 1 mm/min.

After debonding, failure modes were inspected using a
scanning electron microscope SEM (JSM-IT 100, JEOL, Tokyo,
Japan) at 100× magnification. Failure modes were classified
into four categories: A — adhesive failure at the resin-dentin
interface; B — cohesive failure completely within the resin
cement; C — partial adhesive failure, where remnants of resin
remained on the dentin surface; and, D – cohesive failure in
the dentin.

2.2.  Tooth  specimen  preparation  for  ABRZ

The sample preparation method for SEM examination of the
dentin-ABRZ specimens is illustrated in Fig. 2. The procedure
was previously reported by Inoue et al. [10]. Thirty caries-
free human premolars were used for this part of the study.
Premolars were sectioned in the mid-coronal region, per-
pendicular to the long axis, with a low-speed diamond saw
(Isomet, Buehler, Lake Bluff, IL, USA) to obtain two 1-mm-
thick dentin disks. The dentin surfaces were ground with
600-grit silicon carbide paper under running water. Dentin
disks were bonded with one of the three dual-cure resin
cements: V5, E II and RXU then light-cured using a visible
light curing unit for 20 s from the top and bottom surfaces
of the specimens to make dentin disk sandwiches. After
storage in distilled water for 24 h, each prepared specimen
was sectioned perpendicular to the dentin-adhesive interface
with the diamond saw and embedded in epoxy resin (Epoxi

Cure Resin, Buehler, Lake Bluff, IL, USA). Each specimen was
first stored in 100 ml  of a buffered demineralizing solution
(2.2 mmol/L CaCl2, 2.2 mmol/L NaH2PO4, and 50 mmol/L acetic
acid adjusted to a pH 4.5) for 90 min  to simulate recurrent
gy of ABRZ specimen preparation for SEM.

caries. The specimens were then immersed in 5% sodium
hypochlorite for 20 min  to remove any demineralized dentin
collagen fibrils, followed by rinsing under running water for
30 s. To protect the outer edge of the adhesive from wear which
might occur during specimen polishing, 4-META/MMA-TBB
resin (Super-Bond C&B, Sun Medical, Moriyama, Japan) was
applied onto the treated dentin surface without acid-etching.
After curing the 4-META/MMA-TBB resin, the specimens were
sectioned perpendicular to the dentin-adhesive interface and
reduced to a thickness of approximately 2 mm.  Polishing
was performed with diamond pastes (Struers A/S, Ballerup,
Denmark) down to 0.25 �m,  and then the polished surfaces
were etched with an argon ion beam (EIS-IE, Elionix, Tokyo,
Japan) for 30 s. The specimens were gold sputter-coated, and
morphological changes to the dentin-adhesive interface due
to the acid–base challenge were observed using a scanning
electron microscope SEM (JSM-IT 100, JEOL, Tokyo, Japan) at a
magnification of 2000×.

2.3.  Statistical  analysis

As the data of the � TBS test were normally distributed, sta-
tistical analysis was performed using 2-way ANOVA and t-test
with Bonferroni correction at  ̨ = 0.05. All the statistical anal-
yses were performed using statistical software (SPSS 22, IBM;
Armonk, NY, USA).

3.  Results

3.1.  �  TBS  measurement
The mean � TBS values are shown in Table 2. Two-way ANOVA
and t-test with Bonferroni correction revealed that the �

TBS values were influenced by “resin cement” and “thermal

https://doi.org/10.1016/j.dental.2019.02.020
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Table 2 – Mean values and standard deviations of microtensile bond strength values of all groups.

V5 E II RXU

0 TC 55.1 ± 6.1(10/70/20/0) 61.9 ± 6.3 A,  B (10/80/10/0) 49.9 ± 5.5 D, E (20/70/10/0)
5000 TC 55.5 ± 5.1(0/90/10/0) 53.5 ± 5.2 A,  C (0/80/20/0) 37.6 ± 6.0 D, F (30/30/40/0)
10,000 TC 52.6 ± 4.8(10/60/20/10) 44.7 ± 5.7 B,  C (30/20/50/0) 28.8 ± 4.7 E, F (50/30/20/0)

n = 10.
Data are shown as mean ± standard deviation.
Same large superscript letters indicate statistically significant difference between bond strength (p < 0.05).
Percentage of failure mode (Adhesive failure at the resin-dentin interface/cohesive failure completely within the resin cement/partial adhesive
failure, where remnants of resin remained on the dentin surface/cohesive failure in the demineralized dentin and intact dentin).

Fig. 3 – SEM images of failure modes of de-bonded surface of V5 group after 10,000 thermal cycles (magnification ×100).
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A) Adhesive failure at the resin-dentin interface (B) cohesive
ailure, where remnants of resin remained on the dentin sur
entin.

ycling”. The mean 24-h � TBS value for V5 was 55.1 MPa with
o statistical difference found after thermocycling. There were
tatistical differences among the 24 h bond strength, 5000 TC
nd 10,000 TC groups for EII and RXU (p < 0.05). The 24-h bond
trength of EII group was slightly higher than any other group.
fter 5000 and 10,000 thermal cycles, the bond strength of E II
ecreased gradually. The 24-h bond strength of RXU was the

owest compared the other materials and reduced significantly
o 28.8 MPa after 10,000 thermal cycles.

.2.  Fracture  mode  analysis
o premature failure was observed in any group. The results
f the fracture mode analysis are listed in Table 2 and SEM

mages are shown in Fig. 3. The fracture patterns of the V5
roups were predominately cohesive within the resin cement
ure completely within the resin cement (C) partial adhesive
 (D) cohesive failure in the demineralized dentin and intact

under 0 TC, 5000 TC and 10,000 TC while adhesive failure at
the resin-dentin interface was common for EII and RXU groups
especially after 10,000 TC.

3.3.  SEM  observations  of  the  adhesive-dentin  interface
after acid–base  challenge

Fig. 4 shows the typical SEM images of the dentin-adhesive
interface for each group after acid–base challenge. The outer
lesion (OL), created by dissolution of dentin due to the
acid–base challenge was observed in each group. The depth

of the OL was approximately 20 �m.  The hybrid layer (HL)
was hardly detected. ABRZ was observed in all groups after
acid–base challenge. For V5 (Fig. 4a), a butt-joint ABRZ was
observed. For E II (Fig. 4b), slight erosion was detected under-

https://doi.org/10.1016/j.dental.2019.02.020
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Fig. 4 – Representative SEM images of the adhesive-dentin interface after acid-base challenge (magnification ×2000).
ABRZ was categorized into three types; A: butt-joint with no slope formation, B: a slight erosive ABRZ at the joint (lightning)
and C: ABRZ with a funnel-shaped erosion at the base of OL (arrow). RC: resin cement, ABRZ (triangle): acid-base resistant

laye
zone, A: adhesive layer, D: dentine, OL: outer lesion. Hybrid 

neath the ABRZ, and for RXU (Fig. 4c), a funnel-shaped erosion
with thin ABRZ at the base of the OL was observed.

4.  Discussion

The three resin cements used in this study are filled resin com-
posites without acidic functional monomers. A former version
of Panavia resin cement (Panavia F2.0, Kuraray-Noritake Den-
tal) contained the functional monomer, 10-MDP, which has
the advantage to enhance bonding performance to tooth sub-
strates and dental materials. However, the addition of the
acidic functional monomers hampered the polymerization
behavior of the resin cement [12], resulting in possible reduced
bonding durability (Table 2).

Cements with a high degree of conversion are also expected
to provide good mechanical properties. The degree of con-
version of autopolymerized cements is influenced by the
concentration of the monomer and catalyst as well as the
ambient temperature [13]. Generally, dual-cure resin cements
have a higher degree of conversion when the dual-cure mode
is used compared to only autopolymerization [14–16]. How-
ever, attenuation of light intensity of the curing light through
the tooth-colored restorative materials is a critical issue in
clinical procedures for dual-cure resin cements. A previous
study reported that the intensity of transmitted light was
decreased by 92% through a 2 mm thick resin composite disk
[17]. When the dual-cure resin cement directly contacts the
adhesive-treated dentin surface, the slow polymerization of
the resin cement due to limited light transmission allows
water to diffuse from the dentin across the adhesive into
the resin cement and could form water droplets along the
adhesive–cement interface [17–19]. These phenomena may
cause reduced � TBS values and lead to occurrence of adhe-
sive failure between dentin and the resin cement. V5 and E II
use “touch and cure” systems, which plays an important role
to improve dentin bonding performance. The polymerization
reaction starts with the mixing of base and catalyst paste,
thus activating the chemical initiator. Photoinitiation allows
the advancement of the polymerization reaction at the time a

restoration is correctly placed and excess cement is removed.

The three resin cements of the current study had self-etch
systems for dentin bonding, however, the bonding strategy
was different for each resin cement. For V5, the one-bottle
r was hardly detected.

self-etching primer, TP was used prior to application of the
V5 resin cement. TP contains the functional monomer 10-
methacryloxydecyl dihydrogen phosphate (10-MDP). It was
reported that TP was able to supersede tooth etching in
the adhesive cementation process and increase dentin bond
strength of V5 [20]. E II has a two-bottle auto-curing one-step
self-etch adhesive BL, which contains the three-dimensional
self-reinforcing monomer (3D-SR) in the Bondmer Lightless
liquid A and a borate catalyst in bottle Bondmer Lightless liq-
uid B. 3D-SR can promote monomer penetration [21]. RXU uses
the light-curing one-step self-etch adhesive of SBU, which
also contains 10-MDP, however, it contains higher amounts
of solvent and diluent components compared to TP [20]. The
SBU adhesive is light cured prior to application of the RXU
resin cement. Light irradiation to the adhesive can result in
chemical co-polymerization with the cement due to a spe-
cialized accelerator present in the resin cement. It may cause
incomplete polymerization and impact negatively on dentin
adhesion.

To age the bonded specimens artificially, thermal cycling
between 5 and 55 ◦C was selected to simulate the effect of
varying temperatures present in the oral cavity [22,23]. Inter-
estingly, adhesive failure between the CAD/CAM resin block
and adhesives was never observed during the thermal cycling
in the failure mode analysis of the debonded specimens. The
thermal cycling effect may promote chemisorption of the
silane molecules into silica surface, enhancing polymeriza-
tion of vinyl groups of the silane species on the silica surface
of CAD/CAM resin block [24].

The current results of the � TBS test show there was no sta-
tistical difference in � TBS of V5 including the thermocycled
groups (p > 0.05). However, significant reductions of the � TBS
were observed after the thermocycling in both E II and RXU
(p < 0.05). Müller et al. also reported that V5 was less affected by
thermal cycling in dentin bond strength than the tested resin
cements; RelyX Unicem 2 Automix (RUN), Multilink Speed CEM
(MLS), Panavia SA Plus (PSA), RelyX Ultimate (RUL), and Mul-
tilink Automix (MLA). They suggested the stable bonding of
V5 may be due to its low water sorption [25]. The V5 cement
also has the potential to release fluoride, which may con-

tribute to dentin bond durability. The � TBS of E II decreased
gradually after thermocycling probably due to a phosphoric
acid monomer containing in BL. This functional monomer

https://doi.org/10.1016/j.dental.2019.02.020
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hould demineralize and infiltrate dentin effectively; however,
he monomer or its Ca-salts may be prone to hydrolysis in
he long-term or during acid challenge in an aqueous envi-
onment, resulting in a faster demineralization in the region
elow the hybrid layer [26]. The RXU group provided much

ower � TBS than the E II group especially after 10,000 TC.
pplication of SBU tended to create a thin layer, because of the
ydrophilic characteristics with large amounts of water and
thanol solvent. After gently air-drying, oxygen in the air may
iffuse into the thin adhesive layer, thereby compromising the
olymerization of the adhesive and reducing the dentin bond
trength [27].

Sample preparation for SEM observation of dentin ABRZ
as established by Inoue et al. [10] and successfully applied

o other studies [28–31]. It was assumed that penetration
f monomers into tooth tissue beyond the hybrid layer and
he chemical interaction between the functional monomer
nd hydroxyapatite (HAp) may contribute to the formation of
BRZ [29,31]. In order to visualize the dentin ABRZ, dentin
pecimens were demineralized for 1.5 h in order to create
outer lesions’, and 5% NaOCl solution was then applied for
0 min  with ultrasonic vibration to completely remove the
entin proteins remaining after demineralization [29]. Previ-
us studies reported that the ABRZ formation was observed at
he adhesive-dentin interface beneath the hybrid layer only
n self-etch adhesive systems, but not in acid etch adhe-
ive systems [10]. Therefore, ABRZ formation was expected
n the current study, because of the self-etch adhesive sys-
ems used for bonding of the resin cements to dentin. ABRZs
ere observed in all the tested resin cement systems, but with
ifferent morphologies. V5 provided a butt-joint ABRZ with-
ut erosion. TP is an acidic primer with a pH around 2, which

s able to simultaneously etch and sufficiently penetrate into
he underlying dentin [20]. A new accelerator contained in
P plays an important role to enhance interfacial polymer-

zation of the V5 resin cement to dentin (touch and cure). In
he case of E II, the BL adhesive is quite viscous, that may
egatively affect the penetration of adhesive monomers into
he dentinal substrates [32,33]. It was reported that an incom-
letely resin-impregnated hybrid layer was produced in EII

34]. RXU showed ABRZ with funnel-shaped erosion at the base
f the OL. It was reported that one-step self-etch adhesives
reated dentin ABRZ with funnel-shaped erosion [35]. The ero-
ive lesion may be caused by the presence of polyalkenoic
cid (PAA) copolymer in SBU. The copolymer can compete in
hemically bonding to calcium of hydroxyapatite with 10-MDP,
esulting in interference with the stable formation of 10-MDP-
Ap salts [36]. It was reported that Vitrebond copolymer could
ave prevented the approach of the monomers during poly-
erization due to its high molecular weight [37]. Nurrohman

t al. suggested that the PAA copolymer might have difficulty
enetrating into the narrow interfibrillar spaces of the dem-

neralized dentin because of high molecular weight of the PAA
opolymer [38].

The current study indicated that the morphological fea-
ures of ABRZ are compatible with the result of � TBS testing.

n the V5 groups, the tensile bond strengths remained sta-
le up to 10,000 TC, with a butt-jointed ABRZ without erosion
eing observed. Predominantly cohesive failure within resin
ement was observed in the V5 groups. On the other hand, the
( 2 0 1 9 ) 945–952 951

gradual reduction of the � TBS after thermocycling while slight
erosive ABRZ was detection in E II group. RXU showed the low-
est � TBS and the ABRZ exhibited funnel-shaped erosion. The
failure mode of E II and RXU groups were mainly adhesive fail-
ure at the interface of resin and dentin, which seemed to be
the weakest part of the bonded specimens. Guan et al., also
pointed out that SBU formed an ABRZ with an erosive lesion
and significant reduction in bond strength after 10,000 TC [35].

Within the limitations of this study, it was concluded that
both dentin bonding durability of the resin cement and the
ABRZ features at the interface are material dependent. V5
cement system with the tooth primer is more resistant to
thermal stresses and acid–base challenge than the other resin
cement systems, E II and RUX. The universal adhesives com-
bined with resin cement systems remain questionable from
the aspect of ensuring bond durability. The findings of this
study led to acceptance of the null hypotheses that differ-
ent adhesive resin cement systems would influence (a) the
microtensile bond strength and (b) the formation of an ABRZ of
dentin of human premolars. Furthermore, specific ABRZ pat-
terns with cements after long-term water storage or thermal
cycling should be considered in future studies to better illus-
trate bonding stability and the mechanism of ABRZ formation.

5.  Conclusion

Three dual-cure resin cements: V5, E II and RXU provided
different bonding performance after thermal cycling and dif-
ferent ABRZ morphology. V5 resin cement provided the most
resistance against acid–base challenge.
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