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Bond Strength to Zirconia Ceramic after Different
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Abstract:

Purpose: This study investigated tensile bond strength to zirconia after different surface
treatment and effect of chemical conditioning. Methods: 64 Zirconia discs were fabricated and
categorized according to the applied surface treatment into four groups: as milled, sandblasted
with AL20s3, treated with ammonium bi-fluoride, treated with Hydrofluoric acid in the form of
with zirconia etchant cloud system. Followed by primer application to the half of the specimens
or no primer application to the other half, left with only surface treatment. Composite resin discs
were fabricated and bonded to Zirconia using adhesive resin cement. All specimens were
artificially aged. Statistical analysis was done with post hoc test using LSD. Results: the surface
treatment did not show significant difference between all tested groups (P value = 0.467). While,
the chemical conditioning showed a significant effect on the tensile bond strength measurements
(P value = 0.014). No interaction effect exist between surface treatment and chemical
conditioning (P value = 0.144). Conclusion: Sandblasting and hydrofluoric acid resulted in
roughening zirconia surfaces and confirmed by SEM. Chemical conditioning has significant

effect on the bond strength of resin cement to zirconia ceramic.
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1. Introduction:

Zirconia has become a prominent
material in restorative dentistry due to its
exceptional mechanical properties and
biocompatibility. CAD-CAM fabricated
dental restorations helped that these
materials are being utilized more frequently
for prosthetic restorations [1,2,3].

Resin cements can be used for
cementation of zirconia restorations in cases
that require higher retention offering better
marginal adaptation and improved longevity
of the ceramic restoration [4,5]

Different surface treatment methods were
used to modify zirconia surfaces to evaluate
their impact on adhesion to resin cement
[5,6,7]. The most popular technique for
zirconia surface treatment is airabrasion
[8,9]. Sandblasting induce zirconia surface
crystalline structure to transform from
tetragonal phase to monoclinic phase which
will result in micro-cracks formation which
in turn would reduce the zirconia stability
[10,11]. This occurs when the application
distance is reduced, and the particle size is
increased, leading to the formation of micro-
cracks. These limitations weaken the
ceramic's long-term mechanical properties
and make it challenging to achieve uniform

surface treatment in dental clinics [ 9,12].
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Great interests have been raised in the
modification of zirconia surfaces, some
studies tried techniques like acid etching.
[13,14] Chemical bond formation and
micromechanical interlocking are important
for achieving strong bond between zirconia
ceramics and resin cement.[15] Multiple
couplers and silane primers containing
acidic groups such as 10-
methacryloxydecyldihydrogen  phosphate
(MDP) were developed to enable the
chemical bonding to zirconia [16-19].

This in vitro study had the purpose of
evaluating three surface treatment methods:
Sandblasting, etching by ammonium bi-
fluoride and zirconia etchant cloud system
with or without the use of chemical

conditioning agent.

2. Materials and Methods

2.1.Zirconia discs preparation

Discs (n = 64) were milled from IPs
Emax-zircad Zirconia blanks
(IvoclarVivadent, Schaan, Liechtenstein)
with diameter: 8 mm and thickness: 3 mm
using Roland DWX-52D CAD/CAM
machine. Then, sintering of the zirconia
discs was carried out as follow: The zirconia
discs were placed on the firing tray of the
furnace. Sintering cycle was as follow;

temperature was raised in two hours to reach
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1500°C, holding temperature of 1500°C for
another 2 hours then the specimens were
cooled to less than 100°C slowly in 1 hour.
After sintering, the furnace was opened and
the discs were left to cool down to the room

temperature.

2.2.Composite resin discs preparation
Composite resin discs (n=64) were

fabricated utilizing a mold of teflon that

was designed and fabricated based on

needed disc specifications (4 mm
internal diameter x 3 mm thickness).

2.3. Zirconia Surface treatment

The discs were categorized based on the

type of surface treatment technique and

chemical conditioning into 8 groups:

Group 1: as milled specimens with no

primer application. (N=8)

Group 2: as milled specimens with primer

application. (N=8)

Group 3: sandblasted specimens with no

primer application. (N=8)

Group 4: sandblasted specimens with

primer application. (N=8)

Group 5: etched by ABF specimens with

no primer application. (N=8)

Group 6: etched by ABF specimens with

primer application. (N=8)
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Group 7: etched by etchant cloud system

specimens with no primer application.

(N=8)

e Group 8: etched by etchant cloud
system with

specimens primer

application. (N=8)

2.3.1 Sandblasting of Zirconia specimens

The bonding surfaces of the zirconia
discs were sandblasted using 110 um AI203
(Sahara, Dentify ~ GmbH,
ScheffelstraBe, Engen, Germany) under a

particles

pressure of 2 bars for 10 seconds with 10
mm distance perpendicular to discs bonding
surfaces[9] using Renfert Basic sandblaster
(Renfert, Primer then

Germany). was

applied to 8 specimens.

2.3.2 Etching by Ammonium hydrogen
difluoride (NHs4HF2)(Qualikems fine
chempvt, Ltd.Nandesari, Vadodara,
Guijarat.)

NHsHF2 material is supplied as powder with

the ability to etch zirconia surfaces
confirmed by previous studies[20,21]. It can
be used as powder only or used to form
aqueous slurries to etch zirconia surfaces
[20,21]. Aqueous slurries give the ability of
controlled application compared to powder.

Zirconia discs were etched by NHiHF. as

follow:
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e Small amount of theNHs;HF2powder was
used to form viscous slurries by mixing with
distilled water then the formed slurries were
spread using spatula with amount enough to
cover the whole bonding surface of zirconia
discs.

e Heating of the discs was carried on in a
furnace. The discs were etched by NH4HF2
for 10 minutes at 170°C.

e After etching, the discs were rinsed in
water. Primer was then applied to 8
specimens.

2.3.3 Etching by zirconia etching system
group (Zirconia etchant cloud system,
Mdeifive, Korea.)

Zirconia discs were etched according to
manufacturer instructions as follow:

e Hydrofluoric acid gel was spread on the
bonding surfaces of zirconia discs.

e The discs were placed in the safe shell
which was filled with water to the marked
line. The pack then was submerged in the
water in the bottom of the shell which was
assembled immediately and locked to snap
the marking. Neutralization gel was then
applied to the top of the shell to close the
injection port. The reaction is carried out for
10 minutes.

e After decomposing the shell, Zirconia
discs were collected and rinsed in water.

Primer was then applied to 8 specimens.
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2.4. Bonding of specimens:

Zirconia discs bonding to the composite
resin discs was performed utilizing adhesive
resin cement (Multilink®N,) as follow:

Each zirconia disc took its place in a mold to
be fixed in the base of a custom designed
device that was made to be able to deliver a
5 KG loadto the zirconia/composite discs
assembly during the process of cementation.
Multilink®N resin cement then was applied
on the bonding surface of the zirconia disc
after being auto-mixed by the disposable
auto-mix tip.

One of the composite discs was placed onto
the zirconia disc after cement application to
form composite/zirconia assembly. The
device was used to apply 5 kg constant load
on the assembly. Light curing of the cement
was done then the load was removed from
the device after 5 minutes and the same
steps were applied to all the specimens.
2.5.Artificial aging

After cementation, the bonded specimens
were left for an hour in room temperature
and then stored in water at 37°C for 5
months in water jars. Following water
storage, specimens underwent thermal-
cycling for 5000 cycles, which is equivalent
to 6 months of clinical use, using thermal-
cycling device (Julabo®FT200, Germany)

then dried before testing.
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2.6. Tensile bond

Strength (TBS)
measurement

A universal testing machine (Model
3345, Instron Industrial Products, Norwood,
USA) was utilized to measure tensile bond
strength (TBS). The test was conducted at a
crosshead speed of 2 mm/min, using a chain
loop alignment system to ensure axial
loading free of moments. The force required
for de-bonding was recorded in Newtons
(N), then divided by the surface area and
expressed in mega pascals (MPa): t = P/ nr?
where ; T =TBS (MPa, P =load at failure(N)
n =3.14 and r =radius of resin disc(mm).
3.Results:
Bond strength results
The mean bond strength and standard
deviation of each test group were calculated
and presented in MPa in Tablel.
Group 1: as milled specimens with no
primer application. (N=8) - Group 2: as
milled specimens with primer application.
(N=8) - Group 3: sandblasted specimens
with no primer application. (N=8) - Group
4. sandblasted specimens with primer
application. (N=8) - Group 5: etched by
ABF specimens with no primer application.
(N=8). - Group 6: etched by ABF
specimens with primer application. (N=8). -
Group 7: etched by etchant cloud system

specimens with no primer application.
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(N=8). - Group 8: etched by etchant cloud
system specimens with primer application.
(N=8)

I-Statistical analysis

Post hoc LSD test was performed to detect
significance difference between group
means.

Group 1 (control) group exhibited the lowest
bond strength (3.4 + 0.7 MPa) among all
groups.

Group 2, group 4, group 6, and group 7
showed significantly higher bond strength
compared to group 1.
(P=0.023)(P=0.005)(P=0.020)(P=0.026)
respectively. Group 4 showed significant
difference from group 3 (P=0.016)

No significant differences were found
between group 1 and Group 3, Group 5or
group 8.

Neither Group 5 nor Group 7 demonstrated
significant difference with Group 3 or with
each other. (P>0.05)

No significant differences were observed
among Group 2, group 4, group 6 or group 8
in the pair wise comparisons (P>0.05)

Group 4, group 6, and group 7 showed
significantly higher bond strength compared
to group 1 but did not differ significantly

from group 2.
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I1-Scanning electron microscope
examination

SEM images showed mixed mode of failure

in Figure_lof as milled specimens showing

Smooth surface with minimal irregularities

and adhesive mode of failure in Figure_2 of

a specimen treated with etchant cloud

system showing micro-retentions with

Table 1: Mean£SD of each testing groups.
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clearly defined irregularities, suggesting
effective acid interaction.

I11-Failure pattern analysis

Failure patterns in Table 2 of the de-bonded
specimens showed 27 adhesive failure
patterns and 33 mixed failure patterns with

no cohesive failure patterns.

Groups
1 2 3 4

Group | Group | Group | Group

Group | Group | Group | Group 8

Mean +|34+.7(64 +|42 +|7+28

SD 14 2.6

5.8 64 +]6.3
+3.4 1.9 1.6

I+

6 *2.9

Table 2: shows failure patterns among groups.

Group

Group- | Group- | Group- | Group- | Group- | Group- | Group- | Group-

1 2 3 5 6 7 8
Failure | Adhesive | 3 2 3 2 5 5 4
Pattern | Mixed 3 6 5 5 3 3 3
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SEl = 30kV WD18mm  SS44

635 Ml e
x508: & ; 50pn,

o -

Figure_2: showing adhesive mode of failure at x500 on as etched by etchant cloud system

specimen.
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4. Discussion:

Restorations serving in the oral cavity are

subjected to thermal and mechanical stresses
which can compromise the strength of the
bond between zirconia restoration and resin
cement. [22] Artificial aging methods are
able to simulate the intra oral conditions.
Thermal cycling and long term water storage
are reliable techniques to determine the
obtained bond durability. These techniques
were recommended by many studies. [23-
25]
Gale and Darvell (1999) [26] proposed
that 10,000 thermal cycles could mimic one
year of oral cavity usage. In this study,
specimens underwent two artificial aging
processes prior to bond strength testing: five
months of water storage in a 37°C water
bath, followed by 5,000 thermal cycles.
Each thermal cycle included immersion for
1 minute in a 5°C cold bath and 1 minute in
a 55°C hot bath, with a 30-second dwell
time between transitions.

Zirconia sandblasting was proved to
produce surface roughness and resulted in
increased surface area for bonding and
increased surface energy which facilitates
the flow of resin cement into micro-
retentions. It could also produce hydroxyl
groups on the surfaces of zirconia, which

would make it more reactive with phosphate
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monomers.[15] Kim et al (2021) stated that
zirconia surfaces that were sandblasted with
110 um sand obtained a surface topography
with greater change making the surface
optimal for a favorable bonding with less
surface damage.[9] Sandblasting of zirconia
surface with Al,O3 was conducted in this
study and was confirmed to produce surface
roughness by SEM with no significant
difference from the control group. Group 3
(4.2 MPa) did not exhibit a significant
difference from the control group 1 (3.4
MPa) in TBS results, despite the surface
roughness achieved.

Hydrofluoric acid ability to etch zirconia
surface was investigated by many previous
studies. [27-30] In this study, 9% HF gel
was used in hot etching step of zirconia
specimens in the form of Etchant cloud
system. In agreement with Kim et al.
(2022)[28]

showed improved bond strength results

Hydrofluoric acid etching

between zirconia and composite resin discs.
It produced zirconia surface micro-
irregularities that were investigated and
confirmed by SEM. This surface topography
improved TBS results between zirconia and
composite resin discs with significant
difference between group 7 (6.3 MPa) and
group 1 (3.4 MPa) (P = 0.026).
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Zirconia etching with Ammonium Bi-
fluoride was proved to enhance its bonding
strength to resin cements in previous studies.
[20,21] Ruyter et al. (2017)[20] used
NH4HF2 on zirconia surface as powder or
an aqueous slurry with no statistically
significant difference in the bond strength
values. Akazawa et al. (2019)[21] used
NH4HF2 as powder with no water addition.
They heated the zirconia specimens after
NH4HF2 application at 170°C for 10
minutes. A previous study examined the
impact of NH4HF2 application on zirconia
surfaces for measuring bond strength of
resin cement to zirconia ceramic under
varying heating temperatures and durations.
Three protocols were employed: 170 °C for
20 minutes, heating at 170 °C for 10
minutes, and heating at 190 °C for 10
minutes. The findings indicated that no
statistically significant differences among
the protocols. [31]

In the current study, aqueous slurries of
ammonium bi-fluoride had been applied on
the surface of zirconia specimens which was
further heated for 10 minutes at 170°C. This
process produced higher tensile bond
strength between the zirconia discs and the
composite resin in group 5 (5.8 MPa) in
comparison to group 1 (3.4 MPa) but with

no statistically significant difference.
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However, our results showed no significant
difference between the different surface
treatment techniques.

Chemical bonding between zirconia
ceramic and resin cement in addition to
micromechanical retention is proved to
achieve bond that is strong and durable. [16]
Many studies stated that MDP results in
wettability improvement and chemical
bonding enhancement so the use of MDP
either within priming  agents or  resin
cements resulted in enhanced bond strength
between resin cement and zirconia ceramics.
[17,19] Monobond®N was used as a
priming agent to conduct this study.

In agreement with other studies.[16,17,
19,32-35] Chemical conditioning showed
significant difference in the tensile bond
strength measurements. Groups 4, 6 showed
significantly higher bond strength compared
to group 1 but did not differ significantly
from group 2, where only chemical
conditioning was applied with no
micromechanical surface treatment. This
demonstrates the enhancing effect of primer
application on bond strength, regardless of
surface treatment. However, group 8 did not
differ significantly from group 1 in spite of
primer application.

Primer application resulted in higher

bond strength values in the control,
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sandblasting and etching with ammonium
bi-fluoride groups. Contrary to our
expectations, the sub-group etched by
hydrofluoric acid with no primer applied
showed higher TBS measurements than that
one where primer was applied. A previous
study [36] also found that using MDP-
containing resin cement showed lower bond
strength after acid etching. They proposed
that zirconia's surface hydroxyl group may
have been removed by chemical etching
which would have decreased the TBS of the
resin cement containing MDP.

5.Limitations of the study:

The study was conducted under controlled
laboratory conditions (in vitro) with a
limited duration of investigation. The 5-
month water storage period and 5,000
thermal cycles represented only a small
portion of the anticipated lifespan of a
prosthetic restoration. Moreover, the study
was limited to the use of a single primer. To
substantiate the findings, clinical studies are
essential. Additionally, further in-vitro and
clinical research is recommended to explore
the effects of chemical conditioning,
following hydrofluoric acid etching of
zirconia surfaces, using different priming
agents on the bond strength to zirconia

ceramics.

ACDJ Volume 4, Issuel, January, 2025

6.Conclusions :

The following conclusions were found
within the limitations of this in-vitro study;
1. Chemical conditioning has significant
effect on the bond strength of resin cement
to zirconia ceramic

2. The Etchant cloud system emerged as a
promising protocol for clinical application.
3. Further  investigations  would  be
recommended to explore the compatibility
between chemical conditioning and etched
surfaces by Etchant cloud system and their
effect on the bond strength to zirconia
ceramics

4. CONFLICT OF INTEREST:

The authors declare no conflicts of interest.
5. FUNDING:

This study received no financial support
from public, commercial, or non-profit
organizations.

6. ETHICS:

All experimental protocols were reviewed
and approved by the Ethics Committee of
the Faculty of Dentistry, Mansoura
University, under reference  number
(A17030123).

7. Availability of data and materials

The data sets used and/or analyzed during
this study are available from the
corresponding author upon reasonable

request.

64



1.

References:

Kongkiatkamon S, Rokaya D,
Kengtanyakich S, Peampring C.
Current classification of zirconia in
dentistry: an updated review. PeerJ.
2023;11:e156609.
doi:10.7717/peerj.15669

Han MK. Advances and challenges in
zirconia-based materials for dental
applications. J Korean Ceram Soc.
2024,61(5):783-799.
d0i:10.1007/s43207-024-00416-7

Nikkerdar N, Golshah A, Salmani 9.
Mobarakeh M, et al. Recent progress

in application of zirconium oxide in

dentistry. 2024;6:1042-1071.
d0i:10.48309/JMPCR.2024.432254.1

069

Chai J, Chu FCS, Chow TW. Effect

of surface treatment on shear bond 10.

strength of zirconia to human dentin.
J Prosthodont Off J Am Coll
Prosthodont. 2011;20(3):173-179.
doi:10.1111/j.1532-
849X.2011.00695.x

Attia A, Kern M. Long-term resin
bonding to zirconia ceramic with a

new universal primer. J Prosthet 11.

Dent. 2011;106(5):319-327.
doi:10.1016/S0022-3913(11)60137-6

Yenamandra MS, Joseph A, Singh P,
Venkitachalam R, Maya R,
Presannakumar G. Effect of Various
Surface Treatments of Zirconia on its

Adhesive Properties to Dentin: An In 12.

Vitro Study. J Contemp Dent Pract.
2024;25(3):226-230. doi:10.5005/jp-
journals-10024-3663

Attia A, Lehmann F, Kern M.
Influence of surface conditioning and
cleaning methods on resin bonding to

ACDJ Volume 4, Issuel, January, 2025

zirconia ceramic. Dent Mater.
2011;27(3):207-213.
doi:https://doi.org/10.1016/j.dental .20
10.10.004

Mohit KG, Lakha TA, Chinchwade
A, Batul QA, Shaikh M, Kheur SM.
Effects of surface modification
techniques on zirconia substrates and
their effect on bonding to dual cure
resin cement - An in- vitro study. J
Indian Prosthodont Soc.
2022;22(2):179-187.
doi:10.4103/jips.jips_298_21

Kim HK, Ahn B. Effect of Al(2)O(3)
Sandblasting Particle Size on the
Surface Topography and Residual
Compressive Stresses of Three
Different Dental Zirconia Grades.
Mater (Basel, Switzerland).
2021;14(3). d0i:10.3390/ma14030610

Abdullah H, Abdulsamee N, Farouk
H, Saba DA. Effect of Er:YAG laser
surface treatment on surface
properties and shear-bond strength of
resin-cement to three translucent
zirconia: an in-vitro study. Discov
Mater. 2024;4(1):35.
doi:10.1007/s43939-024-00101-w

li R, Wang C, Ma S, et al. High
bonding strength between zirconia
and composite resin based on
combined surface treatment for dental
restorations. J Appl Biomater Funct
Mater. 2020;18:2280800020928655.
d0i:10.1177/2280800020928655

Kang YJ, Shin Y, Kim JH. Effect of
Low-Concentration Hydrofluoric
Acid Etching on Shear Bond Strength
and Biaxial Flexural Strength after
Thermocycling. Mater (Basel,
Switzerland). 2020;13(6).
d0i:10.3390/mal13061409

65



13.

14.

15.

16.

17.

18.

19.

Kim M, Kim RH, Lee SC, et al.
Evaluation of Tensile Bond Strength
between Self-Adhesive Resin Cement
and Surface-Pretreated Zirconia.
Mater (Basel, Switzerland).
2022;15(9). doi:10.3390/ma15093089

Thompson JY, Stoner BR, Piascik JR,
Smith R. Adhesion/cementation to
zirconia and other non-silicate
ceramics: where are we now? Dent
Mater. 2011;27(1):71-82.
doi:10.1016/j.dental.2010.10.022

Yue X, Hou X, Gao J, Bao P, Shen J.
Effects of MDP-based primers on
shear bond strength between resin
cement and zirconia. Exp Ther Med.
2019;17(5):3564-3572.
doi:10.3892/etm.2019.7382

Arai M, Takagaki T, Takahashi A,
Tagami J. The role of functional
phosphoric acid ester monomers in
the surface treatment of yttria-
stabilized tetragonal zirconia
polycrystals. Dent Mater J.
2017;36(2):190-194.
doi:10.4012/dm;j.2016-060

Chuang SF, Kang LL, Liu YC, et al.
Effects of silane- and MDP-based
primers application orders on
zirconia-resin adhesion-A ToF-SIMS
study. Dent Mater. 2017;33(8):923-
933. d0i:10.1016/j.dental.2017.04.027

Ye S, Chuang SF, Hou SS, Lin JC,
Kang LL, Chen YC. Interaction of
silane with 10-MDP on affecting
surface chemistry and resin bonding
of zirconia. Dent Mater. 2022;38.
doi:10.1016/j.dental.2022.02.014

Ahn JS, Yi YA, Lee Y, Seo DG.
Shear Bond Strength of MDP-
Containing Self-Adhesive Resin
Cement and Y-TZP Ceramics: Effect

20.

21.

22.

23.

24.

ACDJ Volume 4, Issuel, January, 2025

of Phosphate Monomer-Containing
Primers. Biomed Res Int.
2015;2015:389234.
doi:10.1155/2015/389234

Ruyter EI, Vajeeston N, Knarvang T,
Kvam K. A novel etching technique
for surface treatment of zirconia
ceramics to improve adhesion of
resin-based luting cements. Acta
Biomater Odontol Scand.
2017;3(1):36-46.
d0i:10.1080/23337931.2017.1309658

Akazawa N, Koizumi H, Nogawa H,
Kodaira A, Burrow MF, Matsumura
H. Effect of etching with potassium
hydrogen difluoride and ammonium
hydrogen difluoride on bonding of a
tri-n-butylborane initiated resin to
zirconia. Dent Mater J.
2019;38(4):540-546.
d0i:10.4012/dmj.2018-152

Gomes AL, Ramos JC, Santos-del
Riego S, Montero J, Albaladejo A.
Thermocycling effect on microshear
bond strength to zirconia ceramic
using Er:YAG and tribochemical
silica coating as surface conditioning.
Lasers Med Sci. 2015;30(2):787-795.
d0i:10.1007/s10103-013-1433-z

Alrabeah G, Alomar S, Almutairi A,
Alali H, ArRejaie A. Analysis of the
effect of thermocycling on bonding
cements to zirconia. Saudi Dent J.
2023;35(6):734-740.
doi:10.1016/j.sdentj.2023.07.009

Egilmez F, Ergun G, Cekic-Nagas I,
Vallittu PK, Lassila LVJ. Does
artificial aging affect mechanical
properties of CAD/CAM composite
materials. J Prosthodont Res.
2018;62(1):65-74.
doi:10.1016/j.jpor.2017.06.001

66



25.

26.

27.

28.

29.

30.

31.

Heikkinen TT, Matinlinna JP, Vallittu
PK, Lassila LVJ. Long term water
storage deteriorates bonding of
composite resin to alumina and
zirconia short communication. Open
Dent J. 2013;7:123-125.
doi:10.2174/1874210601307010123

Gale MS, Darvell BW. Thermal
cycling procedures for laboratory
testing of dental restorations. J Dent.
1999;27(2):89-99.
d0i:10.1016/s0300-5712(98)00037-2

Smielak B, Klimek L. Effect of
hydrofluoric acid concentration and
etching duration on select surface
roughness parameters for zirconia. J
Prosthet Dent. 2015;113(6):596-602.
doi:10.1016/j.prosdent.2015.01.001

Kim SH, Cho SC, Lee MH, Kim HJ,
Oh NS. Effect of 9% Hydrofluoric
Acid Gel Hot-Etching Surface
Treatment on Shear Bond Strength of
Resin Cements to Zirconia Ceramics.
Medicina (B Aires). 2022;58:1469.
doi:10.3390/medicina58101469

Al Shaltoni RMS. The effect of
hydrofluoric acid etching on zirconia
bond strength and surface properties.
Published online 2023.
https://open.bu.edu/handle/2144/4666
7

Lee Y, Oh KC, Kim NH, Moon HS.
Evaluation of Zirconia Surfaces after
Strong-Acid Etching and Its Effects
on the Shear Bond Strength of Dental
Resin Cement. Int J Dent.
2019;2019:3564275.
doi:10.1155/2019/3564275

Bond strength of resin cements to
zirconia ceramics: Influence of
micromechanical roughening and
chemical etching. Mansoura J Dent.

32.

33.

34.

35.

36.

ACDJ Volume 4, Issuel, January, 2025

2019:6(2):94-99.
doi:10.21608/mjd.2019.199193

Yoshida K, Tsuo Y, Atsuta M.
Bonding of dual-cured resin cement
to zirconia ceramic using phosphate
acid ester monomer and zirconate
coupler. J Biomed Mater Res B Appl
Biomater. 2006;77(1):28-33.
doi:10.1002/jbm.b.30424

Amaral R, Ozcan M, Valandro LF,
Balducci I, Bottino MA. Effect of
conditioning methods on the
microtensile bond strength of
phosphate monomer-based cement
on zirconia ceramic in dry and aged
conditions. J Biomed Mater Res B
Appl Biomater. 2008;85(1):1-9.
d0i:10.1002/jbm.b.30908

Afrasiabi A, Mostajir E, Golbari N.
The effect of Z-primer on the shear
bond strength of zirconia ceramic to
dentin: in vitro. J Clin Exp Dent.
2018;10(7):e661-e664.
doi:10.4317/jced.54619

Sanohkan S, Kukiattrakoon B,
Larpboonphol N, Sae-Yib T, Jampa
T, Manoppan S. The effect of various
primers on shear bond strength of
zirconia ceramic and resin
composite. J Conserv Dent.
2013;16(6):499-502.
d0i:10.4103/0972-0707.120948

Cho JH, Kim SJ, Shim JS, Lee KW.
Effect of zirconia surface treatment
using nitric acid-hydrofluoric acid on
the shear bond strengths of resin
cements. J Adv Prosthodont.
2017;9(2):77-84.
doi:10.4047/jap.2017.9.2.77

67



ACDJ Volume 4, Issuel, January, 2025

68



