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OBJECTIVE: The aim of this study was to evaluate the influence of combining primers and cements from two different resin cement
systems on the microtensile bond strength (μTBS) between zirconia and human dentin.
MATERIALS AND METHODS: A total of 120 specimens of zirconia cemented to dentin were allocated into eight groups based on
cement type (RelyX Ultimate or Panavia V5) and primers (Tooth Primer, Clearfil Ceramic Primer and Scotchbond Universal Adhesive)
combinations, applied to dentin or ceramic surfaces. Following artificial aging with 5000 thermocycles, μTBS tests were conducted.
Statistical analysis was performed using One-way ANOVA and Tukey’s post hoc tests (p ≤ 0.05), and failure modes were assessed.
RESULTS: The Panavia V5 cement system demonstrated the highest bond strength (19.4 ± 4.4 MPa), significantly higher than the
other groups except when RelyX cement was used with Panavia primers (16.9 ± 3.7 MPa). Cohesive fractures within the cement
layer were the predominant failure mode.
CONCLUSIONS: The combination of primers from different adhesive cement system brands may significantly affect the bonding
effectiveness. Therefore, using products from a single product line of the same adhesive cement system, and following the
manufacturer’s recommendations for indications and use, is crucial for a more predictable clinical outcome.
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INTRODUCTION
All-ceramic restorations are appreciated for their biocompatibility
and esthetics and stand out as one of the most popular restorative
materials [1, 2]. While restorations made of zirconia have
demonstrated high survival rates, failures such as loss of retention
still occur [3, 4]. Due to their lack of a glass phase, these materials
are not etchable like glass ceramics, which limits their ability to
achieve a strong bond [5, 6]. However, in vitro studies have
provided evidence of the potential to establish a durable bond to
zirconia [7, 8]. These studies highlight the importance of
restoration pretreatment, particularly airborne abrasion. Further-
more, adhesive cement systems incorporating a specific phos-
phate monomer component, 10-methacryloyloxydecyl
dihydrogen phosphate (10-MDP), either in the primer or in the
cement, have been shown to enhance adhesion to zirconia
[5, 9, 10]. Alternative treatments such as acid etchants or plasma
coating of zirconia surfaces have been suggested [6, 8]. However,
the feasibility of these treatments in daily clinical practice is
limited because of the higher complexity and costs of these
techniques [7]. The tooth–cement interface is also of particular
importance for zirconia-based restorations, especially when
retention primarily relies on adhesive bonding [7]. Enamel
adhesion, characterized by strong bonding between the enamel
and adhesive resin, is regarded as reliable [11], whereas

establishing a durable bond with dentin continues to be a
challenge [12, 13].
Advancements in adhesive dentistry provide the general

practitioner with a broad selection of adhesive cement systems
[14]. To simplify daily practice, clinicians often favor “universal”
adhesives, valuing their relative simplicity and compatibility with
direct composite materials as well as indirect ceramic restorations
[11, 15]. Nevertheless, some clinicians may prefer different
cements for different types of restorations. As a result, the
practice of combining products from different brands may have
become more common [16]. However, manufacturers recommend
only using components within the same cement systems for
restorations due to tailormade combinations of chemical compo-
sition and compatibility. For instance, certain combinations of
primer and resin cement may not be compatible and could
potentially compromise bonding effectiveness [17, 18]. Strictly
following the manufacturers’ recommended indications and
instructions may have a critical importance on the clinical
outcome of a bonded restoration; however, this issue has not
been fully investigated [6, 14, 15, 18].
The aim of the present study was therefore to assess the effect

of combinations of primers and cements from two different
commercial resin cement systems on the microtensile bond
strength (μTBS) between zirconia ceramic and human tooth tissue
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(dentin). The research hypothesis tested was that, compared to
using the manufacturer-recommended products all together
(controls), combinations of bonding products between the two
commercial systems would result in significantly affect bond
strength values.

MATERIALS AND METHODS
Extracted human premolars and molars were collected after obtaining
informed consent of the patients. Ethical vetting was obtained from
Swedish Ethical Review Authority (DNR 2021/03119).
Twenty-four teeth were randomly divided into eight groups, with three

teeth in each, based on the experimental conditions, Fig. 1. After removal

of debris and any remaining soft tissue, the teeth were stored in a 70%
ethanol solution at a temperature of 5 °C prior specimens’ preparation. A
total of 120 specimens underwent a microtensile bond strength (μTBS) test
within one month following tooth extraction. Two types of adhesive
cement systems (RXU, RelyX Ultimate, 3M Deutschland, Neuss, Germany,
and PV5, Panavia V5, Kuraray Noritake Dental, Tokyo, Japan) were used.
Table 1 provides details about the two adhesive cement systems.

Specimen preparation
Following collection, specimen preparation involved several steps and
followed a standardized protocol [19]. Prior to preparation, the extracted
teeth were stored in distilled water at (23 ± 2) °C for a minimum of 12 h to
remove residual ethanol. The teeth were then rinsed under running water

Fig. 1 Study design. PV5 Panavia V5, TP Tooth Primer, CP Clearfil Ceramic Primer Plus, RXU RelyX Ultimate, SU Scotchbond Universal

Adhesive, Control manufacturer’s components.

Table 1. Material compositions of the adhesive cement systems (obtained from manufacturer’s information and safety data sheets 2024).

Materials (Batch #) Abbreviation Manufacturer Composition

Panavia V5 paste
(9H0173)

PV5 Kuraray Noritake
Dental, Japan

Bis-GMA (5–15%), TEGDMA (<5%), titanium oxide (<5%), CQ,
hydrophobic aromatic dimethacrylate hydrophilic aliphatic
dimethacrylate, silanated barium glass filler, silanated
fluoroalminosilicate glass filler, silanated alumina filler, amorphous
silica, accelerators, initiators, pigments

Tooth Primer (230087) TP Kuraray Noritake
Dental, Japan

10-MDP, HEMA (25–50%), hydrophilic aliphatic dimethacrylate,
accelerators, water
pH value: <2.3

Clearfil Ceramic Primer
Plus (2A0061)

CP Kuraray Noritake
Dental, Japan

10-MDP, ethanol (>80%), 3-trimethoxysilylpropyl methacrylate (<5%),

RelyX Ultimate (9636076) RXU 3M Deutschland,
Germany

TEGDMA, silane treated glass powder (50-60%), phosphorylated
methacrylate (20-30%), phosphorylated methacrylate (20-30%),
sodium persulfate, silane treated silica, perester, glass powder, acetic
acid, copper salt, monohydrate

Scotchbond universal
adhesive (30125B)

SU 3M Deutschland,
Germany

MDP, HEMA, dimethacrylate resins, vitrebond copolymer, filler,
ethanol, water (10-15%), silane (<5%), initiators
pH value: 2.7

Bis-GMA bisphenol A diglycidylmethacrylate, TEGDMA triethyleneglycol dimethacrylate, CQ dl-camphorquinone or camphorquinone, HEMA 2-hydroxyethyl-
methacrylate, 10-MDP 10-methacryloyloxydecyl dihydrogen phosphate.
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for 30 min. Each tooth was mounted in a mold and secured above the level
of the root using a cold-curing resin (VariDur 200, Beuhler, Lake Bluff, IL,
USA). Occlusal enamel was removed perpendicular to the long axis of the
tooth to expose a flat dentin surface using a diamond disc under water
lubrication (IsoMet® 5000 Linear precision saw, Beuhler, Lake Bluff, IL, USA).
Exposed dentin was dried with oil-free air and checked for enamel
remnants using a light microscope. Following this treatment, a standar-
dized smear layer was created by wet grinding the dentin surface using
600-grit size silicon carbide paper for 60 s at 250 rpm in a circular motion
(Carbimet SiC Abrasive Paper, Beuhler, Lake Bluff, IL, USA). Zirconia ceramic
blocks (KATANA Zirconia STML, A2, Kuraray Noritake Dental, Tokyo, Japan),
with dimensions of 8 × 8mm and 6mm in height, were fabricated. These
were milled and sintered by an authorized commercial dental laboratory
following the manufacturer’s recommendations. The pretreatment of the
zirconia surface also adhered to manufacturer’s recommendations. This
treatment involved air abrasion using 50 μm aluminum oxide particles
(Cobra, Renfert, Hilzingen, Germany) for 10 s, at a pressure of 2 bars at a
distance of 10mm. During this process, the nozzle was gently moved
perpendicular to the surface. All zirconia surfaces were thoroughly washed
using water and air-dried. The dentin was gently dried with oil-free air
spray, leaving the surface visibly moist prior to cementation.
The specific primers were applied to the flat dentin or to the zirconia

surfaces according to the manufacturer’s instructions. Regarding PV5
cement system, the ceramic primer (CP) was applied on the zirconia
surface and dried. For the dentin, the tooth primer (TP) was applied, left for
20 s, and then thoroughly dried with oil-free air spray. The RelyX cement
system has the same procedure for both dentin and zirconia surfaces: the
primer (SU) was applied for 20 s and then thoroughly dried with oil-free air
spray.
After applying the cement to the cementation surfaces of dentin and

zirconia, a seating load of 15N was applied and maintained during the
cementation procedure. Excess resin was removed from the margin using
disposable brushes prior to polymerization and light-curing (Bluephase
PowerCure, Ivoclar Vivadent, Schaan, Liechtenstein). The radiant exitance
of this unit was 1200mW/cm. The cement interface of the specimens was
photopolymerized uniformly for 20 s on each side. Cementation was
carried out using a randomized, group-by-group basis. All steps were
performed by the same operator.
Bonded specimens were subsequently stored in water for at least 2 h

before they were further sectioned. Subsequent sectioning was
performed using a low-speed diamond disc under water irrigation along
two axes (x and y) vertically into serial slabs resulting in a stick shape
(IsoMet 5000 Linear precision saw, Series 15 LC Diamond, Beuhler, Lake
Bluff, IL, USA). The initial section was discarded due to the probability of
the presence of enamel and cement discrepancies, and only the inner
sticks were included in the study. The cross-sectional area of the stick
specimen was examined using a light microscope (Wild M3, Wild
Heerbrugg, Heerbrugg, Switzerland), and only those with intact cementa-
tion joint and that were free of visible defects were included. Non-
trimmed stick specimens with a bonded area of 1.0 ± 0.1 mm2, as
measured with a digital caliper, were produced. Approximately 5–10 sticks
were fabricated from each tooth, and the specimens were kept wet
throughout the preparation procedures.
All specimens underwent artificial aging, consisting of 5000 thermo-

cycles (Thermocycler 1100/1200, SD Mechatronik, Germany), between two

temperature-controlled water baths: one at 5 °C and one at 55 °C. Each
cycle lasted 60 s, with 20 seconds dwell time in each bath and 10 s for
transfer between the baths. Following thermocycling, the specimens were
stored in water at room temperature (22 °C) for up to 24 h prior to the
μTBS test.

Micro-tensile bond strength (μTBS) testing
A total of 120 specimens, were allocated into eight groups, for μTBS
testing. Any specimens that failed prior testing were discarded, and other
specimens were replaced until 15 successful tests were attained in each
group. Each specimen was carefully positioned in the tensile tester (Type
4465, Instron, Canton, MA, USA), with the ends of each stick fixed to the
device using a flowable composite resin (Tetric EvoFlow, Ivoclar Vivadent,
Schaan, Liechtenstein). The crosshead speed was 0.75mm/min, and the
load at fracture was recorded (in N). Bond strength values were presented
in MPa, calculated by dividing the tensile force at the time of fracture by
the bonded surface area (in mm²). Mean and standard deviations for each
group were calculated from the data collected.

Failure mode
Following μTBS tests, all specimens were visually examined under a light
microscope (Wild M3, Wild Heerbrugg, Switzerland) at ×30 magnification
to classify failure modes as follows: cohesive fracture in dentin, cohesive
fracture in zirconia, or cohesive fracture within cement, or adhesive failure
to dentin, zirconia, or to both surfaces (mixed).

Statistical analysis
The determined number of specimens in each group was in accordance
with a standardized protocol [19]. Statistical analysis was conducted using
statistical software (IBM SPSS Statistics, version 29, IBM, Chicago, IL, USA).
The significance level was set α of 0.05. Normal distribution of the data was
assessed using the Kolmogorov–Smirnov test. One-way analysis of
variance (ANOVA) using Tukey’s HSD post hoc test to identify differences
in bond strength between the groups, while Pearson’s Chi-square test was
applied to evaluate differences among failure modes.

RESULTS
The mean μTBS values for each group are presented in Table 2.
The Panavia V5 cement system (manufacturer’s components,
control) demonstrated significantly higher bond strength (PV5
TP+ CP: 19.4 ± 4.4 MPa) compared to other groups (p < 0.001),
except for RelyX cement when combined with Panavia’s primers
(RXU TP+ CP: 16.9 ± 3.7 MPa), where the difference was not
statistically (p= 0.378).
In contrast, combining Scotchbond Universal Adhesive with the

primers from the Panavia cement system did not significantly
affect the bond strength of RelyX cement system. However, an
exception was observed: the combination of RelyX cement with
Panavia V5 primers significantly improved bond strength
(p < 0.001).

Table 2. Mean μTBS values (±standard deviations) in MPa.

# Groups Mean ± SD Specimens, n (PTF) Teeth

1 PV5 TP+ CP control 19.4 ± 4.5 (a) 15 (2) 3

2 PV5 SU+ CP 13.9 ± 3.3 (b, c) 15 (0) 3

3 PV5 TP+ SU 11.8 ± 3.0 (c, d) 15 (1) 3

4 PV5 SU+ SU 9.9 ± 3.3 (d, e) 15 (1) 3

5 RXU SU+ SU control 9.6 ± 2.7 (d, e) 15 (1) 3

6 RXU SU+ CP 8.5 ± 2.1 (d, e) 15 (2) 3

7 RXU TP+ SU 8.2 ± 2.3 (e) 15 (0) 3

8 RXU TP+ CP 16.9 ± 3.7 (a, b) 15 (2) 3

PV5 Panavia V5, TP Tooth Primer, CP Clearfil Ceramic Primer Plus, RXU RelyX Ultimate, SU Scotchbond Universal Adhesive, Control manufacturer’s components,
PTF Number of pretest failures.
Values represented by the same letter are not significantly different at p > 0.05.
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Failure mode
The failure mode distribution of specimens is reported in Fig. 2. All
fractures occurred either within the cement or dentin (cohesive
fracture) (Fig. 3a, b). No adhesive failures or cohesive fractures
were detected on the zirconia surfaces. However, adhesive failures
were found on dentin in all groups (Fig. 3c), except for group PV5
TP+ CP, which showed none.

DISCUSSION
The research hypothesis, which suggested that combining
different primers and cements from various systems would affect
the bond strength between zirconia and a dentin surface, was
accepted. The results show that not only do these combinations
not necessarily decrease bond strength but also enhance it in
some cases. Primers from the PV5 cement system demonstrated
the highest bond strength to zirconia compared to other primer
combinations, regardless of the type of resin cement used. This
superior performance may be attributed to the fact that these
primers are specifically developed for zirconia, while SU is

marketed as a multipurpose primer with a formulation and
composition that might differ from the specialized primers for
zirconia [11, 14]. One significant difference between these cement
systems lies in the pH value of the primers for the tooth surface:
Scotchbond universal primer is considered an ultra-mild etchant
(pH > 2.5), whereas Panavia tooth primer is a mild etchant
(pH ≈ 2). Mild primers are preferable to ultra-mild primers, as they
have shown better efficacy in removing smear layers and
demineralizing the superficial layer of the dentin surface. This
increased etching potential, in turn, can enhance bonding
effectiveness, as surface smear may interfere with the bonding
process [11].
All primers used in the present study contained the key

component 10-MDP, which has been recommended to achieve a
durable bond to zirconia [2, 7, 8]. However, the bonding
effectiveness is not only dependent on the presence of these
monomers but also on parameters such as the concentration and
quality (purity) of the 10-MDP in the adhesive material [11]. In vitro
studies show that impurities of this monomer can inhibit the
chemical interaction of 10-MDP with hydroxyapatite of tooth

Fig. 2 Failure mode distribution of specimens. PV5 Panavia V5, TP Tooth Primer, CP Clearfil Ceramic Primer Plus, RXU RelyX Ultimate, SU
Scotchbond Universal Adhesive, Control manufacturer’s components.

Fig. 3 Representative microscopical images of fractured surfaces. a Adhesive failure, b cohesive fracture (dentin), c cohesive fracture
(cement).
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tissue, which may negatively influence the bond strength [9]. The
Panavia cement system containing the functional monomer 10-
MDP has been shown to have a superior purity grade compared to
other commercial primers [9]. Furthermore, the concentration of
10-MDP has been confirmed to significantly enhance the bond
strength to zirconia. However, detailed information on the exact
concentration and quality of the chemicals used in the present
study are not disclosed, as manufacturers commonly consider this
information to be a trade secret [6, 11].
Thermocycling was used to stress the bonded interface of the

specimens, simulating an intra-oral aging scenario. In the absence
of consensus on aging procedures, particularly in the context of
evaluating adhesion to oxide ceramics with resin cement in
laboratory settings, a minimum of 5000 thermocycles is con-
sidered sufficient [6, 10]. Given that the bonded area of the
specimens was ~1mm², a more pronounced aging effect, such as
hydrolysis of the cement interface, could be expected [6]. The
hydrolysis effects of thermocycling significantly affect bond
strength of resin cement [8, 20]. Interestingly, bond strength
values obtained using the Panavia adhesive cement systems have
been shown to be stable and modestly affected by thermocycling
procedures [21–23]. One possible explanation for this resilience
could be that the monomer in these cement systems is less
sensitive to hydrolysis due to the specific structures of their 10-
MDP formulation [9]. In summary, these factors could explain the
superior performance of Panavia cement system as observed in
the present study.
The μTBS test was used as it is considered a versatile and

standard method for testing bond strength [5, 6, 13, 24]. An
advantage of this test method is that it focuses on clinically
relevant substrates, and it requires less material to produce
specimens compared to shear bond strength tests. Furthermore,
the test promotes a more homogeneous stress distribution at the
bonded interface [25]. Unlike the shear bond strength test, failures
in this method often originate in the adhesive zone rather than
within the bonded substrates [25]. In the present study, specimens
were prepared using the non-trimmed technique in a rectangular
cross-sectional shape, which is considered easier and less
technique-sensitive compared to the preparation of cylindrical
cross-sectional specimens. The importance of the geometry of
these specimens has been emphasized, where cylindrical cross-
sectional specimens are favored because they theoretically
provide a more uniform stress distribution along the resin–dentin
interface, in contrast to the rectangular cross-sectional specimens
[13]. However, when comparing the performance of these cross-
sectional shapes, similar bond strengths have been observed
[26, 27]. This finding suggests that the non-trimming technique
could be a viable, simpler alternative for specimen preparation in
an already complex procedure.
Cohesive fractures within the cement were predominant in all

groups, regardless of the cement system or cementation
procedure. Fracture occurrence within the interface is preferable,
as it is considered to accurately represent the actual bond
strength of the cement. Reports indicate that in bond strength
tests, the modes of failure primarily show cohesive fractures
occurring more frequently in resin composite or ceramic materials
than at the cement interface [24]. In μTBS tests, cohesive failures
occur predominantly in the cement layer, contrary to shear bond
tests. Therefore, μTBS tests have been considered more appro-
priate for evaluating the bond strength of resin composite to
ceramic [25]. The findings might thus more accurately reflect the
bond strength in the bonding area rather than the strength of the
test materials themselves. No cohesive fractures or adhesive
failure in zirconia were observed. This finding is in line with
previous studies where pretreatment with airborne abrasion, in
combination with a 10-MDP based adhesive cement, leads to
durable bonding to zirconia [7, 8, 10]. However, several cohesive
fractures and adhesive failures were noted on the dentin surface.

Establishing a durable bond to enamel has been proven to be
reliable, in contrast to dentin, which is acknowledged to be more
challenging [11, 13]. The variability in dentin structure, such as
differences in hydroxyapatite content and humidity, proximity to
the pulp, and orientation of tubules may contribute to the lower
predictable adhesion to dentin. Furthermore, adhesion could be
influenced by other biological and clinical factors. These include
the depth and permeability of the dentin, the tooth’s location in
the mouth, the type of restorative material and procedure used,
isolation, and the dentist’s experience [12, 13]. In the present
study, the ISO/TS 11405:2016 protocol was followed to standar-
dize the laboratory procedures. Human extracted posterior caries-
free and unrestored teeth with sound superficial dentin were
selected due to their higher permeability of the dentin structure.
Furthermore, one single operator performed all cementation
procedures according to the manufacturer’s recommendations, a
step that might minimize the technique sensitivity of the test
materials.

Limitations
In the present study, only two resin cement systems were
evaluated. Consequently, the results are limited to these specific
products. Ideally, including more resin cement systems would be
preferable to determine if any further differences exist. The choice
of cements was based on the fact that they are both
recommended for use with zirconia, yet they have some
interesting differences. The Panavia V5 cement system has specific
primers indicated for zirconia, and the manufacturer states that it
does not recommend using its primers with other composite
cements, even those within its own brand, while the RelyX
Ultimate cement system offers a simple, universal primer designed
for multipurpose use.
The cementation procedures were performed by a single

operator. This aspect might be viewed as a limitation in terms
of the study’s generalizability, where involving multiple operators
would typically be preferred. However, in the case of an
experimental in vitro study, it is considered a strength, because
the primary study aim was to evaluate the effect of combining
different primers on bond strength rather than the technique
sensitivity of these materials.
Based on the results of this study, the Panavia V5 cement

system is preferable for bonding to zirconia, especially in clinical
situations where restorations rely more on adhesive bonding than
on macromechanical retention. Moreover, this study highlights
the potential effects—both negative and positive—of combining
primers and cements from different cement systems, which could
lead to less predictable clinical outcomes. However, caution
should be taken when interpreting laboratory results, as the bond
strength values observed cannot be directly applied to the clinical
situations [24].
Future research, including other types of cement systems, and

possibly including different surface pretreatments, is needed.
Although microscopic analysis is sufficient to evaluate failure
mode, including a scanning electron microscope (SEM) in future
studies could be interesting and provide a more detailed analysis.

CONCLUSION
Within the limitations of this current study, it may be concluded
that:

1. Bond strength between zirconia and dentin was superior
when using all primers from only the Panavia V5 system,
regardless of whether the cement was RelyX Ultimate or
Panavia V5.

2. The combination of primers in cement systems from
different brands may significantly affect the bonding
effectiveness. Therefore, using products within a single
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cement system line and following the manufacturer’s
recommendations for indications and use should be the
primary consideration.
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REFERENCES
1. Zhang Y, Lawn BR. Novel zirconia materials in dentistry. J Dent Res.

2018;97:140–7.
2. Giordano R. Ceram Overv Br Dent J. 2022;232:658–63.
3. Le M, Papia E, Larsson C. The clinical success of tooth- and implant-supported

zirconia-based fixed dental prostheses. A systematic review. J Oral Rehabil.
2015;42:467–80.

4. Sailer I, Makarov NA, Thoma DS, Zwahlen M, Pjetursson BE. All-ceramic or metal-
ceramic tooth-supported fixed dental prostheses (FDPs)? A systematic review of
the survival and complication rates. Part I: Single crowns (SCs). Dent Mater.
2015;31:603–23.

5. Inokoshi M, De Munck J, Minakuchi S, Van Meerbeek B. Meta-analysis of bonding
effectiveness to zirconia ceramics. J Dent Res. 2014;93:329–34.

6. Ozcan M, Bernasconi M. Adhesion to zirconia used for dental restorations: a
systematic review and meta-analysis. J Adhes Dent. 2015;17:7–26.

7. Kern M. Bonding to oxide ceramics-laboratory testing versus clinical outcome.
Dent Mater. 2015;31:8–14.

8. Thammajaruk P, Inokoshi M, Chong S, Guazzato M. Bonding of composite
cements to zirconia: a systematic review and meta-analysis of in vitro studies. J
Mech Behav Biomed Mater. 2018;80:258–68.

9. Yoshihara K, Nagaoka N, Okihara T, Kuroboshi M, Hayakawa S, Maruo Y, et al.
Functional monomer impurity affects adhesive performance. Dent Mater.
2015;31:1493–501.

10. Le M, Larsson C, Papia E. Bond strength between MDP-based cement and
translucent zirconia. Dent Mater J. 2019;38:480–9.

11. Van Meerbeek B, Yoshihara K, Van Landuyt K, Yoshida Y, Peumans M. From
Buonocore’s pioneering acid-etch technique to self-adhering restoratives. a sta-
tus perspective of rapidly advancing dental adhesive technology. J Adhes Dent.
2020;22:7–34.

12. Perdigao J. Current perspectives on dental adhesion: (1) dentin adhesion—not
there yet. Jpn Dent Sci Rev. 2020;56:190–207.

13. Sano H, Chowdhury A, Saikaew P, Matsumoto M, Hoshika S, Yamauti M. The
microtensile bond strength test: Its historical background and application to
bond testing. Jpn Dent Sci Rev. 2020;56:24–31.

14. Perdigao J, Araujo E, Ramos RQ, Gomes G, Pizzolotto L. Adhesive dentistry: cur-
rent concepts and clinical considerations. J Esthet Restor Dent. 2021;33:51–68.

15. Cadenaro M, Josic U, Maravic T, Mazzitelli C, Marchesi G, Mancuso E, et al. Pro-
gress in dental adhesive materials. J Dent Res. 2023;102:254–62.

16. Mazzitelli C, Maravic T, Mancuso E, Josic U, Generali L, Comba A, et al. Influence of
the activation mode on long-term bond strength and endogenous enzymatic
activity of dual-cure resin cements. Clin Oral Investig. 2022;26:1683–94.

17. Tay FR, Pashley DH, Yiu CK, Sanares AM, Wei SH. Factors contributing to the
incompatibility between simplified-step adhesives and chemically-cured or dual-
cured composites. Part I. Single-step self-etching adhesive. J Adhes Dent.
2003;5:27–40.

18. Meda EM, Rached RN, Ignacio SA, Fornazari IA, Souza EM. Effect of different
adhesive strategies and time on microtensile bond strength of a CAD/CAM
composite to dentin. Oper Dent. 2019;44:262–72.

19. SIS ISO/TS 11405:2016. Dental Materials—testing of adhesion to tooth structure.
SIS Förlag AB; 2016.

20. Chen C, Chen Y, Lu Z, Qian M, Xie H, Tay FR. The effects of water on degradation
of the zirconia-resin bond. J Dent. 2017;64:23–9.

21. Luthy H, Loeffel O, Hammerle CH. Effect of thermocycling on bond strength of
luting cements to zirconia ceramic. Dent Mater. 2006;22:195–200.

22. Malysa A, Wezgowiec J, Grzebieluch W, Danel DP, Wieckiewicz M. Effect of
thermocycling on the bond strength of self-adhesive resin cements used for
luting CAD/CAM ceramics to human dentin. Int J Mol Sci. 2022;23:745.

23. Rohr N, Martin S, Zitzmann NU, Fischer J. A comprehensive in vitro study on the
performance of two different strategies to simplify adhesive bonding. J Esthet
Restor Dent. 2022;34:833–42.

24. Sudsangiam S, van Noort R. Do dentin bond strength tests serve a useful pur-
pose? J Adhes Dent. 1999;1:57–67.

25. Della Bona A, van Noort R. Shear vs. tensile bond strength of resin composite
bonded to ceramic. J Dent Res. 1995;74:1591–6.

26. Phrukkanon S, Burrow MF, Tyas MJ. The influence of cross-sectional shape and
surface area on the microtensile bond test. Dent Mater. 1998;14:212–21.

27. Betamar N, Cardew G, Van Noort R. Influence of specimen designs on the
microtensile bond strength to dentin. J Adhes Dent. 2007;9:159–68.

AUTHOR CONTRIBUTIONS
Minh Le (ML) contributed to study design, data collection, analysis and interpretation
and manuscript writing. Evaggelia Papia (EP) contributed to study design, data
analysis and interpretation, and manuscript reviewing and editing. Christel Larsson
(CL) contributed to conceptualization and study design, supervision, data analysis
and interpretation, and manuscript writing, reviewing, and editing. All authors read
and approved the final version of the manuscript.

FUNDING
Open access funding provided by Malmö University.

COMPETING INTERESTS
The authors declare no competing interests.

ETHICS DECLARATION
The authors declare no potential conflicts of interest with respect to the authorship
and publication of this article. They do not have any financial interest in the
companies whose materials are included in this study. Extracted human premolars
and molars were collected after obtaining informed consent of the patients. Ethical
vetting was obtained from Swedish Ethical Review Authority (DNR 2021/03119).

ADDITIONAL INFORMATION
Correspondence and requests for materials should be addressed to Minh Le.

Reprints and permission information is available at http://www.nature.com/
reprints

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims
in published maps and institutional affiliations.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,

adaptation, distribution and reproduction in anymedium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative
Commons licence, and indicate if changes were made. The images or other third party
material in this article are included in the article’s Creative Commons licence, unless
indicated otherwise in a credit line to the material. If material is not included in the
article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly
from the copyright holder. To view a copy of this licence, visit http://
creativecommons.org/licenses/by/4.0/.

M. Le et al.

6

BDJ Open           (2024) 10:44 

http://www.nature.com/reprints
http://www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

	The effect of combining primers and cements from different cement systems on the bond strength between zirconia and�dentin
	Introduction
	Materials and methods
	Specimen preparation
	Micro-tensile bond strength (μTBS) testing
	Failure�mode
	Statistical analysis

	Results
	Failure�mode

	Discussion
	Limitations

	Conclusion
	References
	Author contributions
	Funding
	Competing interests
	Ethics declaration
	ADDITIONAL INFORMATION




