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Abstract:

Objectives: This invitro research investigated shear bond strength (SBS) of resin cement to
zirconia ceramics after different artificial aging.

Methods: 60 zirconia discs were CAD-CAM fabricated. Composite discs were bonded to
conditioned zirconia discs using adhesive resin cement. Specimens were divided into 6 test
groups according to artificial aging condition: 30000 cycles of cyclic loading test group (1), 5
months of water storage +30000 cycles of cyclic loading test group (2), 5 months of Water
storage +5000 cycle of thermocycling test group (3), 5000 cycle of Thermocycling test group (4),
5 months of Water storage test group (5) and 5 months of water storage +5000 cycles of
thermocycling+ 30000 cycles of cyclic loading test group (6).A universal testing machine was
used for SBStest to all specimens.One-way ANOVA and post-hoc Tukey tests were used for
statistical analysis.

Results: Group 1 recorded the highestshear bond strength showed means + SD record (9.35 +
2.25) followed by group 4 which means = SD record (8.53 +4.92) followed by group 2 which
means £ SD record (6.92 + 1.04) followed by group 3 and group 5 respectively which means +
SD records (5.97 £ 2.57) and (4.72 £+ 1.30) while the lowest shear bond strength was for group 6
with means £ SD record (3.75£1.19).

Conclusions: The influence of water storage in combination with thermocycling and cyclic
loading on SBS is higher than the effect of thermocycling alone and cyclic loading alone.
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Introduction:

Adhesive cementation of zirconia crowns is
preferred than conventional methods 2. The
main  disadvantage of zirconia-based
restorations is poor bonding with resin
cements®.Conventional adhesive
cementation processes, including acid
etching followed by salinization of the
ceramic surface, are ineffective in
generating a strong connection between
zirconia ceramics and resin cements because
zirconia has a glass-free structure that
cannot be erased by hydrofluoric acid*. The
advancement of micromechanical
interlocking is essential for establishing a
bond and enduring adhesion between resin
cement and zirconia °. Following the
cementation of zirconia-based restorations
with  resin cement, a sandwich-like
configuration with two interfaces s
established: a zirconia/resin interface and a
resin/dentin contact®. Both interfaces are
significant, and several assessments can be
employed to ascertain the bond strength at
the zirconia/resin contact, including micro
tensile, tensile, micro shear, and shear bond

strength tests®’.

Restorations in the oral cavity are
susceptible to diverse thermal and

mechanical stresses resulting from intraoral
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masticatory forces®. Various artificial aging

methods, including prolonged  water
immersion and thermal cycling, can
replicate intraoral conditions®. They play a
crucial role in establishing how long the
resin cement-zirconia-based ceramic bond

will last 1°,

A range of artificial aging approaches,
including as thermocycling, cyclic fatigue,
and long-term water storage, can simulate

intraoral conditions 1.

Artificial aging can mimic conditions in oral
cavity, which is crucial for assessing the
integrity of the resin cement-Y-TZP ceramic
bond *2.In vitro research has made use of
laboratory-induced thermal ageing
techniques to evaluate the bond interface's
longevity. These techniques are crucial for
ascertaining the longevity of the bond
formed between zirconia-based ceramics
and resin cements 3. Bond failure may
ultimately occur from strains impacting the
bond interface brought on by thermal fatigue
brought on by thermal expansion and
contraction 4By exposing the tested
specimens to thermal cycling, which
replicates the temperature characteristics of
the oral environment, laboratory-induced

thermal ageing has been established as a
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means of testing the endurance of the bond

interface in in-vitro research®.

With respect to variations in the coefficient
of thermal expansion of materials,
thermocycling has been widely employed to
mimic thermal stresses that are frequently
encountered in the oral environment . That
being said, thermocycling by itself does not
accurately replicate oral circumstances®®.
Incorporating fatigue cyclic loading might
potentially enhance the evaluation of

adhesive systems' clinical performance!”*8

The null hypothesis of this study was that
the different artificial aging regimes will

have the same effect on shear bond strength.

2. MATERIALS AND METHODS:
2.1. Ethical approval

Prior to the project, the Mansoura University
Faculty of Dentistry's institutional ethical
committee accepted the study protocol with
code number (A03023Fp).

2.2. Specimen preparation

Sixty discs (n = 60) of monolithic Y-TZP
ceramic  were
CAD/CAM

A design was made in Exocad to get the

fabricated utilizing

technology as  follow:

dimension of disc (8 mm diameter x 3 mm
thickness) The zirconia discs were dry

milled from zirconia blanks (IPS e.max
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ZirCAD) by using DWX-52D (DGSHAPE)
with 5 axes dry milling machine in
Mansoura University lab.
2.3.Composite resin discs preparation

A metal ring with a central Teflon hole (4
mm in diameter x 3 mm in thickness) was
used to fabricate sixty composite resin discs.
The composite resin discs were fabricated
through the central hole which was filled by
layering technique in two layers, each layer
was 2mm of Ruby-Fill resin composite
(universal nano composite), which was
cured with a light curing unit (I led,
woodpecker, China) for 20 seconds for each
layer at intensity of 1000mW/cm? with
20mm distance.

Following milling, the zirconia discs were
sintered in a high temperature furnace
(Nabertherm, Germany) according to
manufacturer specifications.
Conventional sintering cycle of IPS e.max
ZirCAD: discs were sintered according to the
recommended sintering parameters of IPS e.max
ZirCAD was 1500°C for 2 hours, rate of
temperature increased 10 C/min, holding time:

2.5 hours, and cooling rate: -10 C/min.
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2.4. Surface treatment of zirconia
specimens
Renfert  Basic  sandblaster  (Renfert,
Germany)was used forSandblasting the
bonding surfaces of zirconia discs by using
110 um AI203 particles under a pressure of
.2 MPa which might equal (2 bars) for 15
seconds with a 10 mm distance
perpendicular to the bonding surfaces of
discs!®%,

2.5. Bonding of specimens

A layer of (Monobond N,lvoclar Vivadent,
Schaan, Liechtenstein) universal primer was
applied to bonding surface of each disc
firstly with micro brush and left for 60
seconds then it was displaced with oil-free
air stream for 5 seconds according to
manufacturing instructions.

Bonding composite resin  discs and
previously treated zirconia discs was done
using adhesive resin cement (Multilink
N,Ivoclar Vivadent, Schaan, Liechtenstein)
as follows:

An auto-mix tip was used to apply adhesive
resin cement to the bonding surface of the
zirconia discs.

zirconia discs were topped with composite
resin discs in a specifically constructed
device to apply a steady load of 5 Kg to the
composite/zirconia disc assembly during

cementation.
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Excess resin cement was cleaned by a micro
brush, then utilized a light curing unit (I led,
Woodpecker, China) in four directions for
20 seconds at intensity of 1000mW/cm? with
20mm distance.

2.6.Artificial aging

One hour after cementation, specimens were
divided into six test groups according to
artificial aging regime:

Group 1l:were de-bonded after cyclic
loading (30,000 cycles) (equal 1.5 month
clinically approximately)

Group 2:were de-bonded after 5 months of
water storage (long term storage) + cyclic
loading (30,000 cycles) (equal 1,5 month
clinically approximately)

Group 3:were de-bonded after 5 months of
water storage (long term storage) + thermal
cycling (5000 cycles) (equal 6 months
clinically approximately).

Group 4:were de-bonded after thermal
cycling (5000 cycles) (equal 6 months
clinically approximately).

Group 5:were de-bonded after 5 months of
water storage (long term storage).

Group 6:were de-bonded after 5 months of
water storage + thermal cycling (5000
cycles) + cyclic loading (30,000 cycles)

2.7. Recording bond strength

A universal testing machine (Instron 3345,

USA) was used to apply compressive load at
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the zirconia/ substrate interface at a
crosshead speed 0.5mm per minute. The
load to failure was recorded in Newton. To
convert the SBS to MPa using the equation:
failure load / surface area.

2.8. Mode of failure analysis

the mode of failure was detected by Stereo
microscope. The recorded patterns of failure
were adhesive or mixed failure with no
occurrences of cohesive failure patterns.
Electron microscope (SEM) imaging was

used to make further investigation.
3.RESULTS

Statistical analysis of variance was

conducted using version 26.0 of the IBM
Social program for Statistical Sciences
(SPSS) software. IBM Corporation, New
York, United States.

3.1. Shear bond strength results:

Group 1 recorded the highest shear bond
strength showed means + SD record (9.35 +
2.25) followed by group 4 which means *
SD record (8.53 +4.92) followed by group 2
which means £ SD record (6.92 + 1.04)
followed by group 3 and group 5
respectively which means + SD records
(5.97 £ 2.57) and (4.72 £ 1.30) while the
lowest shear bond strength was for group 6
with means £ SD record (3.75£1.19).

The results ofpost hoc test indicated that

group 1 was significantly different from
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group 5 (p=0.009) and group 6 (p=0.002), as
well as group 4 being significantly different
from group 5 (p=0.032) and group 6
(p=0.007).

So, from tests cycling load test group
followed by thermocycling test group had
the lowest effect on SBS which showed in
their (mean) records.But according to spread
of data which could consider them equally,
in another word the cyclic loading and
thermocycling effect were on SBS nearly
equal in SBS, and the impact of combination
between cyclic loading and thermocycling
with long term water storage was more risky
than other groups on SBS with lowest mean
record.

3.2. Failure pattern analysis

After applying artificial aging techniques
and subsequent de-bonding for testing, the
failure patterns of all de-bonded specimens
primarily displayed adhesive failure patterns
(41 specimens), then by mixed failure
patterns (12  specimens), with no
occurrences of cohesive failure patterns
noted.

3.3. Scan electron microscope (SEM).
Scanning electron microscopy (SEM) was
used to analyze representative samples of
the adhesive and mixed failure patterns
shown in Figure (1,2). Zirconia surfaces

included remnants of restorative materials
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such as resin cement or composite resin in

specimens with a mixed failure pattern.

Ll N X R

Figure 1: Showing adhesive failure at x500
of (water storage+ cyclic loading) group.

| s r————

Figure 2: Showing mixed failure at x500 of

(water storage + thermocycling +cyclic |

3. DISCUSSION:

The main goal of our study was to show the

combination of water storage and
thermocycling and cyclic loading as aging
methods for evaluation bond durability of

zirconia to resin cement. According to the
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present findings, the null hypothesis rejected
partially due to the result of test groups
which showed that some groups were nearly
equal but other test groups were significant
different.

In this study the combination of water
storage, thermocycling and cyclic loading
not mentioned before in other PubMed
researches, just the combination between
them mentioned in fracture resistance not
SBS?.Shehri et al. 2017 *® mentioned the
combination of thermocycling with cyclic
fatigue only which decreased SBS.

Instead of using dental tissues, this study
used composite resin discs to attach zirconia
specimens. Due to dentin's microstructure,
which is heterogeneous, the homogeneity of
the composite resin discs would eliminate
the possibility of interpreting bond strength
data incorrectly ?2.

Y-TZP ceramic restorations were cemented
using conventional cements. As opposed to
conventional cements, resin cements have a
number of benefits, such as enhanced
retention, marginal flexibility, and fracture
resistance for the restored tooth and the
restoration itself 2. This study utilized
adhesive resin cement to bond the composite
discs to zirconia ones. Multilink-N's
formulation excludes acidic phosphate

monomers; it consists of Di-methacrylate,
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HEMA, and silica fillers, which enhance its
superior mechanical properties 2. The
manufacturer reports that two-fold curing
increases flexural strength to around 110
MPa. The motivation for adopting
Multilink® N resin cement is based on its
outstanding mechanical qualities 2.
Masticatory forces cause thermal and cyclic
stresses on restorations intraorally, which
can alter the strength of bond between resin
cement and zirconia-based restorations. This
study showed long-term water storage,
thermocycling, and cyclic loading, both
alone and in combination, to simulate
intraoral conditions and determine which
element had the highest impact on shear
bond strength 12,

Regarding cycles of thermocycling, Gale
and Darvell 1999 ! have suggested that
10,000 cycles of thermocycling is roughly
equivalent to one year clinically, so in the
current study 5000 thermal cycles were used
and during thermocycling, the mismatch in
coefficient of thermal expansion between
composite resin restorative material, resin
cement, and zirconia ceramic could produce
mechanical stresses that contribute to bond
degradation while Lu, Zhi-Cen et al (2023)
Zstated that, Thermal aging by 10,000
thermocycles may be insufficient to

interrupt the bond of composite cement to
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zirconia. So, the impact of thermocycling on
bonding strength remains ambiguous that
supporting with the findings of this study
which  showed  minimal effect of
thermocycling alone on SBS 8.

On the other hand , Alrabeah et
al(2023)*informed that , the shear bond
strength between the zirconia and the self-
adhesive  resin  cements  significantly
decreased by thermocycling which was not
in agreement with our study. This might be
due to that, the influence of thermocycling
on shear bond strength was affected by
several factors such as type of resin cement
adhesive or self-adhesive where was
adhesive resin cementin this study that
provided stronger and more durable bond
strength than self-adhesive one 2.

Regarding cyclic loading, the fatigue after
1.2 million cycles may equivalent to 5 years
of practical experience in dental restorations.
@1 These strokes may compromise the
restoration’s interfacial bonds and the tooth
surface, causing the restoration to fail 1"?7.In
the current investigation, cyclic loading was
also employed to simulate chewing
conditions (30000 cycles). Different
investigations  have reported varying
mechanical loads, according to Nemli et
al2012?®¢  Cyclic  fatigues can cause

tetragonal Y-TZP crystals to change into
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monoclinic phase. Cyclic fatigue is expected
to cause some phase transition. However,
the minimal stress level applied may not
have resulted in considerable change,
corroborating the results of this study.

When it comes to water storage alone,
significant decrease in bond strength seen in
the present study which, could be attributed
to hydrolysis of the polysiloxane network
that connects the ceramic substrate with the
polymerized intermediate resin suggesting
that long-term water storage had a
substantial impact on SBS. %1114

Regarding to combination of both
thermocycling and cyclic load, Al-Shehri et
al. 2017 Bstated that, the bond strength of
zirconia was significantly influenced by the
combination of thermocycling and cyclic
loading that supporting results of this study,
when  combination occurred  between
thermocycling and cyclic loading and long-
term water storage and caused significant
decrease in SBS.

Significant decrease in SBS occurred when
the two  bond-weakening  processes
(hydrolysis and fatigue) were combined in
relation to thermocycling, cyclic loading and
water storage.In clinical settings, different
kinds of FDPs may lose as a result of

gradually lowering bonding levels 8.
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After applying artificial aging techniques
and subsequent de-bonding for testing, the
failure patterns of all de-bonded specimens
primarily displayed adhesive failure patterns
(41 specimens), then by mixed failure
patterns (12  specimens), with no
occurrences of cohesive failure patterns
noted.

The limitations of this in-vitro study might
be that, more researches are needed to
validate this testing approach, including
examining the effect of increasing the load,
fatigue cycle and thermal cycles numbers, as
well as testing other adhesive cements and

surface treatments.

oading) group.

4. CONCLUSIONS:

Based on the results of this study, can

conclude the following:

1. Shear bond strength was decreased after
all aging regime

2. Thermocycling alone and cyclic loading
alone had a minimal effect on shear bond
strength compared to long term water
storage alone.

5. Declaration

Acknowledgements:

Not applicable.

51



Funding:
This research received no specific grant
from any funding agency in the public,
commercial, or not-for-profit sectors.
Availability of data and materials:

The data sets that were utilized and/or
analyzed for this investigation can be
obtained from the relevant author at any
reasonable request.
Ethical approval
Prior to the project, the Mansoura University
Faculty of Dentistry's institutional ethical
committee accepted the study protocol with
code number (A03023Fp).
Conflict of interests:

The authors declare that they have no

conflict of interests or financial disclosure.
REFERENCES:

1.Zhang Y, Lawn BR. Novel Zirconia
Materials in Dentistry. J Dent Res. 2018;
97:140-147.

2. Ramzy NA, Azer AS, Khamis MM.
Evaluation of the marginal adaptation and
debonding strength of two types of CAD-
CAM implant-supported cement-retained
crowns. BMC Oral Health. 2023;23:967.

3. Huang B, Chen M, Wang J, Zhang X.
Advances in zirconia-based dental materials:
Properties, classification, applications, and
future prospects. J Dent. 2024;147:105111.

ACDJ Volume 4, Issuel, January, 2025

4. Elkassaby AA, Kandil MM, Alian GA.
The effect of repair protocols and chewing
simulation on the microtensile bond strength
of two resin matrix ceramics to composite
resin. BMC Oral Health. 2024;24:171.

5 Aragonez GC, Dalla-Nora F, Soares PM,
et al. Load-bearing capacity under fatigue of
bonded-yttria tetragonal zirconia
polycrystals and -yttria-stabilized zirconia:
Effects of the viscosity of a dual-cured resin
cement. J Mech Behav Biomed Mater.
2023;148:106233.

6. 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;17:3564-
3572.

7. Ismail AM, Bourauel C, EIBanna A,
Salah Eldin T. Micro versus macro shear
bond strength testing of dentin-composite
interface using chisel and wireloop loading
techniques. Dent J. 2021;9.

8. Bakhsh TA, Turkistani A. The Effect of
thermocycling on interfacial  bonding
Stability of self-etch adhesives: OCT Study.
Biomed Res Int. 2021;2021:5578539.

9. Szczesio-Wlodarczyk A, Fronczek M,
Ranoszek-Soliwoda K,  Grobelny  J,
Sokolowski J, Bociong K. The First step in
standardizing an artificial aging protocol for

dental composites-evaluation of basic

52



protocols. Molecules. 2022;27.

10.Thadathil VVarghese J, Babaei B, Farrar P,
Prentice L, Prusty BG. Influence of thermal
and thermomechanical stimuli on a molar
tooth treated with resin-based restorative
dental composites. Dent Mater.
2022;38:811-823.

11.Szczesio-Wlodarczyk A, Sokolowski J,
Kleczewska J, Bociong K. Ageing of Dental
Composites Based on Methacrylate Resins-
A Critical Review of the Causes and
Method of Assessment. Polymers (Basel).
2020;12

12.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;35:734-740.
13.Al-Amari AS, Saleh MS, Albadah AA, et
al. A comprehensive review of techniques
for enhancing zirconia bond strength:
Current  Approaches and
Innovations. Cureus. 2024;16:e70893.
14.Malysa A, Wezgowiec J, Orzeszek S,
Florjanski W, Zietek M, Wieckiewicz M.

Effect of different surface treatment

Emerging

methods on bond strength of dental ceramics
to dental hard tissues: A Systematic Review.
Molecules. 2021;26.

15.Yazigi C, Alawi S, Wille S, Lehmann F,
Kern M. Durability of resin bonding to
dental 3Y-TZP zirconia using different

ACDJ Volume 4, Issuel, January, 2025

adhesive systems. Materials. 2024; 17:424.
16.Vilde T, Stewart CA, Finer Y. Simulating
the intraoral aging of dental bonding agents:
A Narrative Review. Dent J. 2022;10.
17.Gale M, Darvell B. Thermal cycling
procedure for laboratory testing of dental
restorations. J Dent. 1999;27:89-99.
18.Al-Shehri E, Al-Zain A, Sabrah A, et al.
Effects of air-abrasion pressure on the resin
bond strength to zirconia: a combined cyclic
loading and thermocycling aging study.
Restor Dent Endod. 2017;42:206.

19 Attia A, Lehmann F, Kern M. Influence
of surface conditioning and cleaning
methods on resin bonding to zirconia
ceramic. Dent Mater. 2011;27(3):207-213.
20. Zeighami S, Gheidari A, Mahgoli H,
Rohanian A, Ghodsi S. Effect of
sandblasting angle and distance on biaxial
flexural  strength  of  zirconia-based
Ceramics. J Contemp Dent Pract.
2017;18:443-447.

21. Refaie A, Bourauel C, Fouda AM,
Keilig L, Singer L. The effect of cyclic
loading on the fracture resistance of 3D-
printed and CAD/CAM milled zirconia
crowns-an in vitro study. Clin Oral Investig.
2023;27:6125-6133.

22.El-Farag SA. The Influence of different
surface treatments on bond strength of

CAD/CAM fabricated ceramic restorations.

53



Egypt Dent J. 2024;70:1727-1739.

23.Blatz MB, Vonderheide M, Conejo J.
The Effect of resin bonding on long-term
success of high-strength ceramics. J Dent
Res. 2018;97:132-139.

24.Upadhyaya V, Arora A, Singhal J, Kapur
S, Sehgal M. Comparative analysis of shear
bond strength of lithium disilicate samples
cemented using different resin cement
systems: An in vitro study. J Indian
Prosthodont Soc. 2019;19:240-247.

25.Lu ZC, Jia LH, Zheng ZF, Yu H. 15-
Methacryloyloxypentadecyl dihydrogen
phosphate resin-to-zirconia
bonding  durability. J Adhes Dent.
2023;25:23-30.

26.Malysa A, Wezgowiec J, Grzebieluch W,
Danel DP, Wieckiewicz M. Effect of

thermocycling on the bond strength of self-

improves

adhesive resin cements used for luting
CAD/CAM ceramics to Human Dentin. Int J
Mol Sci. 2022;23.

27.Xible AA, de Jesus Tavarez RR, de
Araujo CDRP, Conti PCR, Bonachella WC.
Effect of cyclic loading on fracture strength
of endodontically treated teeth restored with
conventional and esthetic posts. J Appl Oral
Sci. 2006;14:297-303.

28.Nemli SK, Yilmaz H, Aydin C, Bal BT,
Tiwras T. Effect of fatigue on fracture

toughness and phase transformation of Y-

ACDJ Volume 4, Issuel, January, 2025
TZP ceramics by X-ray diffraction and

Raman spectroscopy. J Biomed Mater Res
Part B Appl Biomater. 2012;100B:416-424.

54



	2.2. Specimen preparation
	Sixty discs (n = 60) of monolithic Y-TZP ceramic were fabricated utilizing CAD/CAM technology as follow:                  A design was made in Exocad to get the dimension of disc (8 mm diameter × 3 mm thickness) The zirconia discs were dry milled from...
	2.3.Composite resin discs preparation
	A metal ring with a central Teflon hole (4 mm in diameter × 3 mm in thickness) was used to fabricate sixty composite resin discs.
	2.4. Surface treatment of zirconia specimens
	Renfert Basic sandblaster (Renfert, Germany)was used forSandblasting the bonding surfaces of zirconia discs by using 110 μm Al2O3 particles under a pressure of .2 MPa which might equal (2 bars) for 15 seconds with a 10 mm distance perpendicular to the...

	The results ofpost hoc test indicated that group 1 was significantly different from group 5 (p=0.009) and group 6 (p=0.002), as well as group 4 being significantly different from group 5 (p=0.032) and group 6 (p=0.007).
	So, from tests cycling load test group followed by thermocycling test group had the lowest effect on SBS which showed in their (mean) records.But according to spread of data which could consider them equally, in another word the cyclic loading and the...

