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Abstract
Purpose: The aim of study is to compare the shear bond strength of various primer/resin

cement systems to monolithic Zirconium under different storage conditions.

Materials and Methods: 30 disk specimens of monolithic zirconia (10 mm x 3mm) were
prepared with CAD/CAM and polished with silicon carbide and bonding surface were
sandblasted with aluminum oxide. Samples were divided into three groups according to the
type of cement used: Duo Link Composite Luting Cement, Rely X Ultimate Adhesive Resin
Cement, Panavia SA Cement Plus, and further divided into two group each based on the
storage conditions into Short Term Storage and Long Term Storage. The specimen were
embedded in acrylic mould and SBS test were performed. The data were analysed by non-
parametric Kruskal Wallis and Mann-Whitney U. significance was set at P<0.05.
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Result: The highest and lowest SBS values were obtained by kurary system (16.78) and
Bisco (8.22) respectively in short term storage. Similarly in long term storage group Kurary
(13.7) has highest and bisco (5.2) has lowest SBS value.

Conclusion: Long term storage conditions decreases the Shear bond strength of monolithic
zirconia to all resin cement systems. The highest bond strength was obtained when both the

primer and resin cement contain MDP in their composition.

Introduction: In recent years, the increase in esthetic demands of patients has resulted in a
more widespread use of all-ceramic restorations in a larger number of clinical situations. A
recent surge of interest in metal free restorations has prompted the use of Zirconium with
high mechanical properties, good biocompatibility and adequate aesthetics *. Clinical failure
of Zirconium restorations is mostly related to chipping and fracture of the ceramic veneer 2.
There are various systems available for the preparation of ceramic restorations using
CAD/CAM technology. With advancement in CAD/CAM technology, a full contour
Zirconium restoration called monolithic Zirconium has been introduced to eliminate veneer
cracking. Monolithic Zirconium has a polycrystalline structure and lacks silica in its
composition. Monolithic Zirconium has been indicated for patient with limited inter-occlusal
space because of its ability to resist occlusal loads and patients with an unfavorable
occlusion, with parafunctional habits or fracture history. The loss of retention because of
shorter abutments for patients with limited inter-occlusal space may also be common cause of
fixed restoration failures®. Earlier, conventional cements have been commercially used for
luting Zirconium restorations. Now, adhesive cementation has been shown to increase the
fracture resistance and fatigue resistance and improve longevity of ceramics restorations. In
addition, resin cements offer the advantage of sealing minor internal surface flaws created by
acid etching or air borne particle abrasion, which significantly strengthens ceramic materials.
The minimal in built mechanical retention in CAD/CAM-milled Zirconium
restorations shows the need for a stronger cement with a higher retention rate®. Air abrasion
and Zirconium oxide dedicated primers has also been shown to promote the interaction
between Zirconium and luting substrate, thus improving retention. Air abrasion with alumina
oxide particles aim to roughen the internal surface of restoration helps to optimize adhesion
area and promote better mechanical interlocking with resin cement®. Artificial aging is
indicated to simulate the conditions of the oral environment in laboratory studies is well
established. Long-term water storage, thermocycling, or a combination of both are the most
common methods®. There are several studies that have investigated the bond strength of

different resin cement system in both simulated (thermocycling) and 3 unsimulated intraoral
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conditions. This study examined the bond strength under simulated conditions. However,

thermocycling is substituted with long term storage in water.

Hence the purpose of this study is to evaluate the shear bond strength of three

different types of primer/resin cement systems to monolithic Zirconia with short term storage

and long term storage simulating thermo cycling conditions.

Materials and Methods:

A.

Fabrication of Samples by CAD/CAM System: Monolithic zirconia samples were
tested in this study. Samples were prepared from pre sintered blocks using
CAD/CAM system and Samples were then sintered in a special high temperature
sintering furnace. Specimen dimesions were measured with vernier calliper. In total,
30 disk shaped test specimens was ultrasonically cleaned in distilled water for 10
minutes. The 30 sintered ceramic samples, diameter 10 mm and thickness 3 mm, were
divided into three groups according to the type of cement used and further divided
into two group each based on the storage conditions.

Surface Treatments: The bonding surface of monolithic zirconia specimens were
polished consecutively with 320, 600, 800, 1200 grit silicon carbide papers under
water cooling. Then, the airborne particle abrasion were applied with a machine on
bonding surface with alumina oxide. Disc specimens was ultrasonically cleaned in
distilled water for 3 minutes.

Application of Resin Cement: Monolithic zirconia disc were divided into three main
group based on type of resin cement used. Then a plexiglass mould is placed on
monolithic zirconia specimen with dimension of 5mm in diameter and 3 mm in
height. First, primer agent of each system was applied on to the bonding surface.
Then, resin cement was applied on the bonding surface until the mold is completely
filled with the material. Resin cement was then light polymerised for 20 sec with
curing light.

Storage: Specimens were then stored in the different storage conditions. To simulate
the oral condition specimens were stored for Short term storage that is in distilled
water for 24 hours at 370 C and Long term storage that is in distilled water 63 days at
370C.

Sample Testing: After short term and long term storage procedure is completed, all
specimens were then embedded in chemically cured acrylic resin block. The shear
bond strength was determined with the help of universal testing machine after storage
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period. Knife-edge blade with the crosshead speed of Imm/minute was placed parallel

to the direction of force applied at the interface between the monolithic zirconia and

resin cement.
Result and Observation: Table 1: Comparison of Mean Shear Bond Strength among
primer/resin cement in Short Term Storage.

The non-parametric Kruskal Wallis test was applied which shows that the mean rank
of share bond strength of three different cements was statistically significant. (P<0.05).

The significantly higher mean rank 13.0 with median value 16.78 was for Kurary
short term group, followed by mean rank 8.0 with median 12.92 for 3M short term group and
significantly lowest mean rank 3.0 with median 8.22 was for Bisco short term group.

Table 2: Comparison of Mean Shear Bond Strength among primer/resin cement in
Long term storage. The non-parametric Kruskal Wallis test was applied which shows that the
mean rank of share bond strength of three different cements was statistically significant.
(P<0.05).

The significantly higher mean rank 13.0 with median value 13.7 was for Kurary long
term group, followed by mean rank 7.6 with median 6.8 for 3M long term group and

significantly lowest mean rank 3.4 with median 5.2 was for Bisco long term group.

Table 1: Comparison of Mean Shear Bond Strength among primer/resin cement in

Short Term Storage

Group
Mean
Variable Short N Median Kruskal-Wallis H
Rank
Term
Bisco
Short 5 3.00 8.22 Value 12.500
Shear Term
Bond 3M
Strength Short 5 8.00 12.92 df 2
Term
Kurary 5 13.00 16.78 P Value 0.002

4941
Eur. Chem. Bull. 2023, 12(Special Issue 6), 4938-4949



A COMPARATIVE EVALUATION OF SHEAR BOND STRENGTH OF THREE PRIMER/RESIN CEMENT SYSTEMS TO
MONOLITHIC ZIRCONIA UNDER DIFFERENT STORAGE CONDITIONS: AN IN VITRO STUDY

Section A-Research paper
ISSN 2063-5346

Short

Term

Total 15 Result Significant

Table 2: Comparison of Mean Shear Bond Strength among primer/resin cement in

Long term storage

Group Long Mean
Variable N Median Kruskal-Wallis H
Term Rank
Bisco Long
5 3.40 5.2 Value 11.580
Term
Shear
3M Long Term 5 7.60 6.8 df 2
Bond
Kurary Long P
Strength 5 13.00 13.7 0.003
Term Value
Total 15 Result Significant

Discussion: Since decades, fixed dental prostheses (FDPs) are the treatment option to restore
function and aesthetics, after loss of a single tooth when implants cannot be placed due to
anatomic  restrictions®®.  With the introduction of advanced computer-aided
manufacturing/computer- aided design (CAD/CAM) technologies various high-strength
ceramic materials have evolved and are increasingly becoming popular as anterior and
posterior FDP situations.?**. Conventional cementation or bonding techniques used with
ZrO2 components do not provide sufficient bond strength for many of these applications.
Bonding to traditional silica-based ceramics, generally using both mechanical and adhesive
retentions, has been studied, and bond strengths are predictable. A strong resin bond is based
on chemical adhesion between the cement and ceramic (by way of silane chemistry), and on
micromechanical interlocking created by surface roughening. The most commonly used
alternative for roughening the surface of ZrO2 to improve mechanical bonding is surface
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grinding. Retention of the restoration to tooth structure and sealing of the marginal gap
between the tooth and restoration are dependent on the ability of luting agent to bond to the
surface of the ceramic.”® Zirconium surface is covered with a passive film of Zirconium
oxide. As chemical characteristics of zirconia ceramic surface are similar to those of metal
surface, hydroxyl (O-H) groups may be present on the zirconia ceramic surface. It is also
likely that a luting cement containing any polymers or monomers with polar functional
groups is capable of bonding chemically with polar hydroxyl groups on the zirconia ceramic
surface.(examples of cement) Therefore, all the luting cements tested in this study were
expected to have the potential to bond chemically to zirconia ceramic due to their respective
functional polymers or monomers [e.g. 2- hydroxyethyl methacrylate (HEMA), carboxylic
acid monomer, and an organophosphate ester monomer such as 10-MDP.?* All tested group
had surface pretreatment with MDP containing primer and additional MDP in resin cement
used, thought to enhance the bond strength between zirconia and resin cement. Studies prove
that the ester group of MDP directly bonds to metal oxides. When phosphate monomer is
applied to Zirconium, the hydrogen group of phosphate monomer and the oxygen group of
zirconia slowly react to produce water molecules and to form a stable Zr-O-P covalent bond
[ 1n the early stage of reaction there must be sufficient wettability to use the hydrophilic
property, but excessive hydrophilicity can cause swelling that can adversely affect
dimensional stability and mechanical strength, thus increasing hydrophobicity need after the
initial reaction. Short and long term water storage methods has been used to simulate the intra
oral conditions. Storage methods are employed as common technique to test materials in
invitro studies to show their suitability in invivo situations. The result of this invitro study are
in favour of the previous study. Kim et al evaluated that zirconia bonding was improved
when MDP containg primer was applied to the surface.?? De oyague reported that MDP
containg resin system was best for bonding of zirconia. A study by Piwowarczyk et al
demonstrated that cement containg MDP showed more stable adhesion to zirconia.'®
Similarly luthy et al claimed that all cement lost their shear bond after aging except cement
containing MDP.** MDP is a hydrophobic monomer as it has a 10-carbon chain and two
terminal ends — a polymerizable methacrylate that adheres to the resin cement and a
hydrophilic phosphate that adheres to the zirconia surface chemically .Functional phosphate
monomer works as a mediator between inorganic and organic substrate and contain an
organofunctional group.® Organofunctional group first react with organic matrix of resin
cement one one side and with the phosphate ester group on the other side.® The bond is

achieved when the functional ester group and the hydroxyl reacts with surface oxide.
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Phosphate monomer of PANAVIA SA cement of kurary system has a terminal end hydroxyl
group, which provide hydrolytic stability under water and acidic condition.? This shows why
highest bond strength is seen with Kurary system. Methacrylate monomer in 3M cement
system makes primary bond with methacrylate resin in the primer and thus improve the bond
strength. The 3M cement system showed better bond strength than BISCO system, which is a
conventional bis-GMA resin cement.*® The exact percentage of MDP monomer in all primers
used in the study is not known. Clearfil ceramic primer plus of kurary system contain MDP,
ethano 1,3- methacryloxypropyltrimethoxysilane. Blatz et al claimed that MDP containing
primer increases the durability and reliability of resin bond.!* Two monomers
(organophosphate and carboxylic) of Z prime Plus makes it compatible to be used with
various resin cement. A more consistent bond is seen with Single bond universal adhesive
primer at different moisture level.! The minimum bond strength requirement is assumed to be
approximately 10-13 MPa. Therefore, in accordance with the study, Kurary system has
acceptable Shear Bond Strength value that can be used for clinical application as shown in
table 1 and table 5. Short and long term water storage methods has been used to simulate the
intra oral conditions. 2® Storage methods are employed as common technique to test materials
in in-vitro studies to show their suitability in in-vivo situations. This study demonstrated
(table 9, 10,11) that the shear bond strength values decreased significantly after being
subjected to long term storage. There are limitations to this in vitro study. This study was
performed in laboratory environment without contaiminated specimens and oral moisture
conditions which can affect the clinical application. The bond strength of resin cement to
zirconia was sensitive to chemical and mechanical influences in the oral cavity. Another
limitation was that only single brand of monolithic zirconia was tested in this study. Long
term storage is used instead of thermocycling and the storage medium used was distilled
water and thus no saliva was used. SBS test has a disadvantage of non uniform stress
distribution. The lack of this factor may be a limitation in our study, but can be investigated
in the future by in vivo studies.

Conclusion: Within the limitations of the present study, it may be concluded that in both
long term and short term storage conditions kurary system had the highest Shear Bond
Strength value and Long term storage conditions decreases the Shear bond strength of
monolithic zirconia to all resin cement systems. The highest bond strength was obtained
when both the primer and resin cement contain MDP in their composition.

4944
Eur. Chem. Bull. 2023, 12(Special Issue 6), 4938-4949



A COMPARATIVE EVALUATION OF SHEAR BOND STRENGTH OF THREE PRIMER/RESIN CEMENT SYSTEMS TO
MONOLITHIC ZIRCONIA UNDER DIFFERENT STORAGE CONDITIONS: AN IN VITRO STUDY

Section A-Research paper
ISSN 2063-5346

References

1.

10.

11.

12.

Zhao L, Jian YT, Wang XD, Zhao K. Bond strength of primer/cement systems to
zirconia subjected to artificial aging. The Journal of prosthetic dentistry. 2016 Nov
1;116(5):790-6.

Salem RS, Ozkurt-Kayahan Z, Kazazoglu E. In vitro evaluation of shear bond
strength of three primer/resin cement systems to monolithic zirconia. Int J
Prosthodont. 2019 Nov 1;32(6):519-25.

Qeblawi DM, Mufioz CA, Brewer JD, Monaco Jr EA. The effect of zirconia surface
treatment on flexural strength and shear bond strength to a resin cement. The Journal
of prosthetic dentistry. 2010 Apr 1;103(4):210-20.

Grasel R, Santos MJ, Régo HC, Rippe MP, Valandro LF. Effect of resin luting
systems and alumina particle air abrasion on bond strength to zirconia. Operative
dentistry. 2018 May;43(3):282-90.

da Silva EM, Miragaya L, Sabrosa CE, Maia LC. Stability of the bond between two
resin cements and an yttria-stabilized zirconia ceramic after six months of aging in
water. The Journal of prosthetic dentistry. 2014 Sep 1;112(3):568-75.

Kern M, Wegner SM. Bonding to zirconia ceramic: adhesion methods and their
durability. Dental materials. 1998 Jan 1;14(1):64- 71.

Berry T, Barghi N, Chung K. Effect of water storage on the silanization in porcelain
repair strength. Journal of oral rehabilitation. 1999 Jun;26(6):459-63.

Wegner SM, Kern M. Long-term resin bond strength to zirconia ceramic. Journal of
Adhesive Dentistry. 2000 Jun 1;2(2).

Blatz MB, Sadan A, Arch Jr GH, Lang BR. In vitro evaluation of long-term bonding
of Procera AllCeram alumina restorations with a modified resin luting agent. The
Journal of prosthetic dentistry. 2003 Apr 1;89(4):381-7.

Blatz MB, Sadan A, Martin J, Lang B. In vitro evaluation of shear bond strengths of
resin to densely-sintered high-purity zirconiumoxide ceramic after long-term storage
and thermal cycling. The Journal of prosthetic dentistry. 2004 Apr 1;91(4):356-62.
Blatz MB, Sadan A, Maltezos C, Blatz U, Mercante D, Burgess JO. In vitro durability
of the resin bond to feldspathic ceramics. American journal of dentistry. 2004 Jun
1;17(3):169-72.

Kumbuloglu O, Lassila LV, User A, Toksavul S, Vallittu PK. Shear bond strength of
composite resin cements to lithium disilicate ceramics. Journal of oral rehabilitation.

2005 Feb;32(2):128-33.
4945

Eur. Chem. Bull. 2023, 12(Special Issue 6), 4938-4949



A COMPARATIVE EVALUATION OF SHEAR BOND STRENGTH OF THREE PRIMER/RESIN CEMENT SYSTEMS TO
MONOLITHIC ZIRCONIA UNDER DIFFERENT STORAGE CONDITIONS: AN IN VITRO STUDY

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

Section A-Research paper
ISSN 2063-5346

Piwowarczyk A, Lauer HC, Sorensen JA. Microleakage of various cementing agents
for full cast crowns. Dental Materials. 2005 May 1;21(5):445-53.

Lithy H, Loeffel O, Hammerle CH. Effect of thermocycling on bond strength of
luting cements to zirconia ceramic. Dental Materials. 200Feb 1;22(2):195-200.
OZCAN M, Nijhuis H, Valandro LF. Effect of various surface conditioning methods
on the adhesion of dual-cure resin cement with MDP functional monomer to zirconia
after thermal aging. Dental materials journal. 2008;27(1):99-104.

Wolfart M, Lehmann F, Wolfart S, Kern M. Durability of the resin bond strength to
zirconia ceramic after using different surface conditioning methods. Dental Materials.
2007 Jan 1;23(1):45-50.

Denner N, Heydecke G, Gerds T, Strub JR. Clinical comparison of postoperative
sensitivity for an adhesive resin cement containing 4- META and a conventional
glass-ionomer cement. International Journal of Prosthodontics. 2007 Jan 1;20(1):73.
Ozcan M, Kerkdijk S, Valandro LF. Comparison of resin cement adhesion to Y-TZP
ceramic following manufacturers’ instructions of the cements only. Clinical oral
investigations. 2008 Sep;12(3):279- 82.

Tirkmen C, Durkan M, Cimilli H, Oksiiz M. Tensile bond strength of indirect
composites luted with three new self-adhesive resin cements to dentin. Journal of
Applied Oral Science. 2011;19:363-9.

Kitayama S, Nikaido T, Takahashi R, Zhu L, Ikeda M, Foxton RM, Sadr A, Tagami J.
Effect of primer treatment on bonding of resin cements to zirconia ceramic. Dental
materials. 2010 May1;26(5):426-32.

Rues S, Kroger E, Miller D, Schmitter M. Effect of firing protocols on cohesive
failure of all-ceramic crowns. Journal of dentistry. 2010 Dec 1;38(12):987-94. 22.
Kim MJ, Kim YK, Kim KH, Kwon TY. Shear bond strengths of various luting
cements to zirconia ceramic: surface chemical aspects. Journal of dentistry. 2011 Nov
1;39(11):795-803.

Thompson JY, Stoner BR, Piascik JR, Smith R. Adhesion/cementation to zirconia and
other non-silicate ceramics: where are we now?. Dental Materials. 2011 Jan
1;27(1):71-82.

Stawarczyk B, Basler T, Ender A, Roos M, Ozcan M, Hammerle C. Effect of surface
conditioning with airborne-particle abrasion on the tensile strength of polymeric
CAD/CAM crowns luted with self adhesive and conventional resin cements. The

Journal of prosthetic dentistry. 2012 Feb 1;107(2):94-101.
4946

Eur. Chem. Bull. 2023, 12(Special Issue 6), 4938-4949



A COMPARATIVE EVALUATION OF SHEAR BOND STRENGTH OF THREE PRIMER/RESIN CEMENT SYSTEMS TO
MONOLITHIC ZIRCONIA UNDER DIFFERENT STORAGE CONDITIONS: AN IN VITRO STUDY

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Section A-Research paper
ISSN 2063-5346

Schmitter M, Mueller D, Rues S. Chipping behaviour of all-ceramic crowns with
zirconia framework and CAD/CAM manufactured veneer. Journal of dentistry. 2012
Feb 1;40(2):154-62.

Khoroushi M, Rafiei E. Effect of thermocycling and water storage on bond longevity
of two self-etch adhesives. Gen Dent. 2013 May 1;61(3):39-44.

Schmitter M, Mueller D, Rues S. In vitro chipping behaviour of all-ceramic crowns
with a zirconia framework and feldspathic veneering: comparison of
CAD/CAM-produced veneer with manually layered veneer. Journal of oral
rehabilitation. 2013 Jul;40(7):519-25.

Stober T, Bermejo JL, Rammelsberg P, Schmitter M. Enamel wear caused by
monolithic zirconia crowns after 6 months of clinical use. Journal of oral
rehabilitation. 2014 Apr;41(4):314-22.

Chagas PC, Bastos LG. Bonding of resin cements to zirconia. Journal of Dental
Implants. 2015 Jan 1;5(1):43.

Pott PC, Stiesch M, Eisenburger M. Influence of 10-MDP adhesive system on shear
bond strength of zirconia-composite interfaces. Journal of Dental Materials and
Techniques. 2015;4(3):117-26.

Yi YA, Ahn JS, Park YJ, Jun SH, Lee IB, Cho BH, Son HH, Seo DG. The effect of
sandblasting and different primers on shear bond strength between yttria-tetragonal
zirconia polycrystal ceramic and a self-adhesive resin cement. Operative dentistry.
2015;40(1):63-71.

Stefani A, Brito Jr RB, Kina S, Andrade OS, Ambrosano GM, Carvalho AA, Giannini
M. Bond strength of resin cements to zirconia ceramic using adhesive primers.
Journal of Prosthodontics. 2016 Jul;25(5):380-5.

Blatz MB, Alvarez M, Sawyer K, Brindis M. How to bond zirconia: the APC concept.
Compend Contin Educ Dent. 2016 Oct1;37(9):611-8.

Malkondu O, Tinastepe N, Akan E, Kazazoglu E. An overview of monolithic zirconia
in dentistry. Biotechnology & biotechnological equipment. 2016 Jul 3;30(4):644-52.
Ha SR, Kim SH, Lee JB, Han JS, Yeo IS, Yoo SH, Kim HK. Biomechanical three-
dimensional finite element analysis of monolithic zirconia crown with different
cement thickness. Ceramics International. 2016 Oct 1;42(13):14928-36.
Llerena-Icochea AE, Costa RM, Borges AF, Bombonatti JF, Furuse AY. Bonding
polycrystalline zirconia with 10-MDP—containing adhesives. Operative dentistry.

2017;42(3):335-41.
4947

Eur. Chem. Bull. 2023, 12(Special Issue 6), 4938-4949



A COMPARATIVE EVALUATION OF SHEAR BOND STRENGTH OF THREE PRIMER/RESIN CEMENT SYSTEMS TO
MONOLITHIC ZIRCONIA UNDER DIFFERENT STORAGE CONDITIONS: AN IN VITRO STUDY

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

Section A-Research paper
ISSN 2063-5346

Nagaoka N, Yoshihara K, Feitosa VP, Tamada Y, Irie M, Yoshida Y, Van Meerbeek
B, Hayakawa S. Chemical interaction mechanism of 10-MDP with zirconia. Scientific
reports. 2017 Mar 30;7(1):1-7.

Blatz MB, Vonderheide M, Conejo J. The effect of resin bonding on long-term
success of high-strength ceramics. Journal of dental research. 2018 Feb;97(2):132-9.
Petrauskas A, Olivieri KA, Pupo YM, Berger G, Betiol EA. Influence of different
resin cements and surface treatments on microshear bond strength of zirconia-based
ceramics. Journal of Conservative Dentistry: JCD. 2018 Mar;21(2):198.

Yoshida K. Effect of 10-methacryloyloxydecyl dihydrogen phosphate concentrations
in primers on bonding resin cements to zirconia. Journal of Prosthodontics. 2021
Apr;30(4):356-62.

Tribst JP, Anami LC, Ozcan M, Bottino MA, Melo RM, Saavedra GS. Self-etching
primers vs acid conditioning: impact on bond strength between ceramics and resin
cement. Operative dentistry. 2018;43(4):372-9.

Go EJ, Shin Y, Park JW. Evaluation of the microshear bond strength of MDP-
containing and non—MDP-containing self-adhesive resin cement on zirconia
restoration. Operative Dentistry. 2019;44(4):379- 85.

Turkoglu P, Sen D. Evaluation of dual-cure resin cement polymerization under
different types and thicknesses of monolithic zirconia. BioMed Research
International. 2019 Jan 9;2019.

Altan B, Cinar S, Tuncelli B. Evaluation of shear bond strength of zirconia-based
monolithic CAD-CAM materials to resin cement after different surface treatments.
Niger. J. Clin. Pract. 2019 Nov 1;22:1475-82.

Lima RB, Barreto SC, Alfrisany NM, Porto TS, De Souza GM, De Goes MF. Effect
of silane and MDP-based primers on physicochemical properties of zirconia and its
bond strength to resin cement. Dental Materials. 2019 Nov 1;35(11):1557-67.
Elsantawi AM, Saad D, Shebl A. Evaluation of the Shear Bond Strength of Two
Types of Adhesive Resin Cements to Zirconium after Surface Treatment using Silica
Coating. Dental Science Updates. 2020 Mar 1;1(1):23-30.

Koko M, Takagaki T, Abdou A, Inokoshi M, Ikeda M, Wada T, Uo M, Nikaido T,
Tagami J. Effects of the ratio of silane to 10- methacryloyloxydecyl
dihydrogenphosphate (MDP) in primer on bonding performance of silica-based and
zirconia ceramics. Journal of the Mechanical Behavior of Biomedical Materials. 2020

Dec 1;112:104026.
4948

Eur. Chem. Bull. 2023, 12(Special Issue 6), 4938-4949



A COMPARATIVE EVALUATION OF SHEAR BOND STRENGTH OF THREE PRIMER/RESIN CEMENT SYSTEMS TO
MONOLITHIC ZIRCONIA UNDER DIFFERENT STORAGE CONDITIONS: AN IN VITRO STUDY

Section A-Research paper
ISSN 2063-5346

48. Sadid-Zadeh R, Strazzella A, Li R, Makwoka S. Effect of zirconia etching solution on
the shear bond strength between zirconia and resin cement. The Journal of Prosthetic
Dentistry. 2021 Nov 1;126(5):693-7.

49. Abdulkader KF, Elnaggar GA, Kheiralla LS. Shear bond strength of cemented
zirconia-reinforced lithium silicate ceramics (Celtra Duo) with two surface treatments
(in vitro study). Journal of Adhesion Science and Technology. 2021 Jan 2;35(1):35-
51.

50. Atoche-Socola KJ, Arriola-Guillén LE, Lopez-Flores Al, Garcia IM, Huertas-
Mogollén G, Collares FM, Leitune VC. Microshear bond strength of dual-cure resin
cement in zirconia after different cleaning techniques: an in vitro study. The Journal
of Advanced Prosthodontics. 2021 Aug;13(4):237.

51. Muller N, Al-Haj Husain N, Chen L, Ozcan M. Adhesion of Different Resin Cements
to Zirconium: Effect of Incremental versus Bulk Build Up, Use of Mould and Ageing.
Materials. 2022 Mar 16;15(6):2186.

52. Toyoda K, Taniguchi Y, Nakamura K, Isshi K, Kakura K, Ikeda H, Shimizu H, Kido
H, Kawaguchi T. Effects of ytterbium laser surface treatment on the bonding of two

resin cements to zirconia. Dental Materials Journal. 2022 Jan 25;41(1):45-53

4949
Eur. Chem. Bull. 2023, 12(Special Issue 6), 4938-4949



