
www.eda-egypt.org      •      Codex : 140/21.10      •      DOI : 10.21608/edj.2021.91153.1759

Print ISSN 0070-9484  •   Online ISSN 2090-2360

Fixed Prosthodontics and Dental Materials

EGYPTIAN
DENTAL JOURNAL

Vol. 67, 3651:3662, October, 2021

* Associate Professor, Fixed Prosthodontics Dept, Faculty of Dentistry, Mansoura University and Horus University 
(HUE), Egypt.

THE IMPACT OF DIFFERENT CLEANING PROTOCOLS  
ON RESIN BOND STRENGTH TO POLYMER-INFILTRATED  

CERAMIC MATERIAL

Shaimaa Ahmed Abo El-Farag*

ABSTRACT

Purpose: This study measured and compared shear bond strength (SBS) of a composite resin 
cement with that of PICN material after different surface cleaning methods. 

Materials and Methods: Forty Vita-Enamic plates (10x7x2 mm) were fabricated using of 
a low speed, water-cooled diamond saw. All plates were air-borne particle abraded using 50µm 
Al2O3 then contaminated with saliva, after that all plates were classified into four groups (n=10): 
control group (CG) in which conventional cleaning with air-water spray was used, and three test 
groups as follow: ultrasonic cleaning (UCG), steam cleaning (SCG), Ivoclean cleaning (ICG). 
Composite resin discs (Nexcomp) were cemented to ceramic plates using self-adhesive resin cement 
(Supercem). All bonded specimens were stored in 37°C water for 1 month then, thermocycled 
1000 times in water baths  between 5˚C and 55˚C. Shear bond strength (SBS) test was performed 
using a universal testing machine. Scanning Electron Microscope (SEM) was used for failure mode 
examination. 

Results: Different cleaning methods significantly increased SBS values of tested groups 
compared to control one (p=0.000). The highest mean SBS (MPa) was reported for (SC) test group 
(18.41±1.5 MPa) followed by (UC) test group (11.52±.99MPa). While the lowest mean SBS was 
observed for (CG) (4.00 ±.59 MPa). There was statistically significant difference between (SCG) 
and other groups (CG, UCG, ICG) (p=0.0001). There was no statistically significant difference 
between IC and UC test groups (p=0.2941). 

Conclusion: Within the limitation of the present study, the bond strength of self-adhesive resin 
cement to hybrid ceramics increased by different surface cleaning protocols. 

KEYWORDS: Polymer infiltrated ceramics, cleaning techniques, saliva contamination, bond 
strength, resin cement.
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INTRODUCTION 

Dental ceramics are widely used as biomaterials 
in prosthetic dentistry because of their attractive 
clinical properties. Ceramic materials have 
been developed and introduced in dentistry for 
many years as they are esthetically pleasing and 
chemically stable. Most ceramics are characterized 
by their chemical inertness, high wear resistance, 
superior hardness, low to moderate fracture 
toughness, biocompatibility and susceptibility to 
tensile fracture.(1)

Many factors must be taken into consideration 
for success and long life span of any indirect resto-
rations, these factors can be summarized as: prepa-
ration coarseness/design, provisional cementation, 
methods of cleansing, fitness of final restoration, 
and type of the permanent luting material.(2)

Selection of restorative material is considered an 
important point to be concern. The high similarity 
between mechanical properties of both the selected 
restorative material and sound tooth structure has 
favorable effect on restorative system reliability. 
Polymer infiltrated ceramic material has been de-
veloped recently to combine positive characteristic 
of both composite and ceramic.(3)  

Polymer infiltrated ceramic material (PICM) 
(Vita Enamic) is recently developed by Vita 
(VITA Zahnfabrik, Bad Säckingen,Germany).(4) It 
is  manufactured depending on infiltration of pre-
sintered ceramic network (In-Ceram System) which 
was released by Vita in the 90’s (5,6) with a low-
viscosity acrylate polymer network by capillary 
action.(7) It was noticed that, the difference between 
the resin and glass infiltration into porous ceramic 
was a significant. This difference may be related 
to a mount of final shrinkage following polymer 
infiltration that occurred after cooling is nearly 5%, 
much greater glass infiltration which is 1%.(5,8)   

PICM is being indicated for many types of 
restorations such as: single crowns, inlays, onlays, 

and veneers because of an motivating equilibration 
between strength and elasticity related to both 
ceramic and composites.(5) The combination of 
ceramic and polymer phases improve the material 
stability, elasticity, hardness and flexural strength 
to simulate natural tooth structure.(6,7,9) The strength 
of  polymeric part is less than 30 MPa, while the  
strength of ceramic network is about 160 MPa, 
whereas the strength of final PICM is of 135 MPa.(5) 

The properties are in-between those of particle-filled 
resins and ceramics as expectant for a composite 
material. (4,5,10)

The initial inspection of a PICM demonstrated 
that the flexural strength of infiltrated ceramic was 
greater than the fully sintered ceramic or the pure 
polymer. Also the flexural strength of Polymer 
infiltrated ceramics is approximately 150 MPa.
(11,12) Vita Enamic material showed lower flexural 
strength than that of IPS e.max as lithium disilicate 
glass-ceramic material (342 MPa).(13) 

Low elastic modulus and inert biaxial flexural 
strength of the Vita Enamic material might cause 
its clinical fracture when contrasted with other fired 
ceramic frameworks.(14,15) These fractures can be 
repaired easily by composite resins.(5,8) Research 
works on the best methodology and longevity of 
hybrid ceramics repairs are inconsiderable so, the 
adhesion of composite resin repairs to the polymer-
infiltrated ceramic network substrate still needs to be 
examined. (14) Repair process allows saving time and 
resources, diminishing microbial adhesion to the 
fracture and, thus, preserving the dental remainder.
(14,16)  Until now the instancy for a new restoration 
should be taken into considerations. 

There are many difficulties that may occur during 
bonding of restorative materials, the most common 
problem is contamination that decreases the bond 
strength values.(17) The bonding surfaces of ceramic 
restorations are often expose to contamination 
during routine dental procedures.(18,19) There are 
numerous sources of oral contamination that can 
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be classified into: 1) intrinsic and microscopic like 
bacteria and intrinsic and macroscopic like blood, 
saliva and oral fluids, 2) extrinsic that produced 
from the materials introduced into the oral cavity 
from diet, beverages and extrinsic introduced 
by the dentist like lubricants used with rotatory 
instruments, silicone indicators and latex.(20)

The main content of the oral cavity is saliva that 
has great effect on the bonding areas. It is composed 
of 99.4% water and 0.6 % solids, these solids are 
combination of organic particles, inorganic particles 
and macromolecules.(21)  Salivary components are 
easily absorbed by acid conditioned tooth surface, 
that reduces the surface energy leaving non-
bondable surface. An essential requirement for 
strong adhesive bonds is that the fitting surface must 
be clean and should maintain high level of energy. 
Films of organic debris and water may interfere 
with the intaglio surface wetting and spreading. (22) 

Study performed by Zortuk et al., (2010)(23) 
demonstrated that, saliva contamination of glass 
ceramics causing a massive decrease in surface 
energy. Therefore, the effectiveness of bonding 
ability of ceramic surfaces to resin cement 
materials was reported. Although, they explained 
that, ceramic surfaces were the least susceptible to 
plaque accumulation and pellicle formation among 
all dental restorative materials. Improper cleaning of 
the contaminations increase the risk of all ceramics 
failure.(24) 

Different protocols can be used for cleaning of 
ceramic surfaces, one of these methods is water 
washing but Soares et al., (2007)(25) and Raffaini 
et al., (2008)(26) stated that, an incomplete recovery 
of bond strength resulted when utilizing water 
washing. Chang et al., (2010)(27) confirmed the 
previous results that water rinsing was insufficient 
as a cleaning method due to higher blood protein 
molecules which resisted water washing and 
inhibiting adhesive infiltration. 

Saliva-protein contamination are still main 
problems during bonding of ceramic restorations. 

Using of different organic solutions to remove the 
saliva contamination on luting surface of restoration 
before cementation is recommended method.(28) The 
composition of used cleaning agents should not 
cause any destructions to the restoration surface 
and improve adhesive ability of dental restorative 
materials. On the other hand, it should be applied 
simply, washed off easily, non-toxic chemicals and 
has no negative effects on the restoration adaptation. 
Many researches have performed on various 
cleansing techniques for instance, water washing, 
alcohol (70%-96% isopropanol), phosphoric acid 
(37%) (29, 30), and further airborne particle abrasion 
(Al2O3).

(31) 

Novel cleaning material called Ivoclean, is an 
alkaline suspension of zirconium oxide particles, 
was developed to clean the contaminated restoration 
surfaces and improve bonding to resin cements (32), 
but there is a little information regarding to use and 
effect of this agent. Therefore, the current study 
was designated to evaluate the effect of different 
cleaning methods on the contaminated surface of 
hybrid ceramic and the shear bond strength of resin 
cement to this ceramic. The null hypothesis was that 
different cleaning protocols have no effect on shear 
bond strength to hybrid ceramic.

MATERIALS & METHODS

Materials used in this study and their basic com-
positions are shown in (Table 1). For this in-vitro 
study, forty plates of Vita Enamic ceramic were 
prepared from polymer infiltrated ceramics (VITA 
ENAMIC blocks 3M2-HT-EM-14,VITA-Zahnfab-
rik, Bad Säckingen, Germany) into the dimensions 
(10mmX7mm and 2mm in thickness) by aid of a low 
speed, water-cooled diamond saw (Isomet 4000, bu-
chler ltd, Lake Bluff, IL, USA).(33) All plates were 
inspected under microscope for presence of any 
cracks, then treated with air-borne particle abrasion 
using 50µm Al2O3 (Basic Eco SandBlaster, Renfert, 
Hilzingen, Germany ), under 2.5 bars pressure for 
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15sec. and a distance of 10mm, and cleaned ultra-
sonically. All ceramic plates were inserted in (20) 
ml of artificial saliva for 3 min.(34)  then were divid-
ed into four groups (n=10): control group (CG) in 
which conventional cleaning method with air-water 
spray from shipsyring was used and three test groups 
according to different cleaning methods used after 
contamination as follow: ultrasonic cleaning using 
90% ethyl alcohol (UCG), steam cleaning (SCG), 
and Ivoclean cleaning (ICG). Group UCG: after 

saliva contamination, plates were immersed in ethyl 
alcohol of (90%) concentration for 10 min. in digi-
tal ultrasonic cleaner (MCS, Egypt), followed by 
drying with air using oil free air for 10 sec. Group  
SCG: plates in this group were exposed to steam 
cleaning by a (steam cleaner, Tianjin, China) of 
4 bar pressure and a water container of 200 ml. It 
works through releasing streams of steam on the 
contaminated plates then drying with air-free oil 
for 10 sec. Group ICG: Chemical cleaning with  

TABLE (1): Description of materials utilized in the study.

Material Composition Product Description Manufacturer Lot 
number

Vita Enamic. Polymer infiltrated ceramic, SiO2 (58–63), 
Al2O3 (20–23), Na2O (9–11), K2O (4–6), 

B2O3 (0.5–2), ZrO2 (<1), KaO (<1)

polymer infiltrated ceram-
ics VITA ENAMIC blocks 

3M2-HT-EM-14

VITA Zahnfabrik, 
Spitaglasses 3, 
D-79713 Bad 

Säckingen, Germany

45810

Ivoclean 
Refill

Ideal composition (in weight%)  ZrO2 10- 15 
H2O2 65 - 80 . Polyethylene glycol 8 - 10 

NaOH Lower than or equal 1 Pigments, addi-
tives 4 - 5

Universal
cleaning paste

Ivoclar Vivadental 
AG, Lichtenstein

X00617

Monobond® N Alcohol solution of silane methacrylate, 
phosphoric acid methacrylate and sulphide 

methacrylat

Universal primer, one com-
ponent universal restorative 

primer. 

Ivoclar Vivadental 
AG, Lichtenstein

Y29210

SuperCem, 
Self-Etch 

Self-Adhesive 
Resin Cement

Base: silicon dioxide, Barium glass, Bis-
GMA, Triethyleneglycol Dimethacrylate, 

Diurethan- dimethacrylate.
Catalyst: silicon dioxide, Barium glass, Tri-

ethyleneglycol Dimethacrylate, Diurethan- di-
methacrylate, Champhorquione

Dual cured dental resin ce-
ment, base and catalyst with 
a dual syringe and mixing 

tip.

DentKist, Inc, Eli-
Dent group S.P.A. 

KOREA.

3020004

Nexcomp Bis-GMA, UDMA, Bis-EMA
Borosilicate glass

Nano hybrid composite resin META® BIOMED, 
Korea

NXC 
1712112

Ethyl Alcohol
(Ethanol) 
(absolute) 

(90%)

Simple alcohol with the chemical 
formula C2H6O

Dehydrated alcohol volatile and 
colourless liquid. Commonly, 

used in synthetic organic 
reactions in both industry and 
science. It also considered as a 

solvent of non-polar substances.

El Nasr 
pharmaceutical 

chemical company, 
Egypt

E0058111

Artificial 
Saliva

700 mg/L NaCl+ 1200 mg/L + KCl 260 mg/L 
+Na2HPO4 +1500 mg/L +NaHCO3 330 mg/L 
+KSCN 1300 mg/L + Urea (CH4N2O) of total 

PH= 6.7

- Prepared in 
Faculty of 

science, Mansoura 
University

-
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a commercial cleaning paste (Ivoclean). It was uti-
lized with a brush and kept on the ceramic surface 
for 20 sec. then, deionized water was used for plates 
washing for 15 sec. and dried with air for 10 sec. ac-
cording to manufacturer recommendation. 

Resin-Based Composite (RBC) Specimen Prepa-
ration

Forty composite blocks were fabricated by 
layering (3mm-thickness) increments of a Nano-
hybrid light-curing composite (Nexcomp shade 
A2, META® BIOMED, Korea) that made using 
plastic mold of 4 holes. Each hole has 4 mm 
internal diameter from the center and a thickness 
of 3mm. Every increment was light-cured for 
40 sec. (Astralis 7; Ivoclar Vivadent, Schaan, 
Liechtenstein; output monitored at 600 mW cm-
2). The composite blocks were eliminated from the 
mold, and further light-cured from all aspects for 40 
sec. each on the portions previously in contact with 
the internal surface of the mold. RBC surfaces were 
sandblasted with 50µm Al2O3 for 10 sec, utilizing 
an intraoral air abrasion apparatus at a pressure of 
87 psi (Optiblast, Buffalo Dental Mfg Inc, New 
York, NY, USA). All blocks were inspected for any 
defects and cleaned using digital ultrasonic cleaner 
(Model: CD-4820, CODYSON, China, and Serial  
No: 04120122463).(35)

Bonding procedures

After cleaning of contaminated Vita Enamic 
plates, they were prepared to be ready for bonding 
to composite resin blocks according to manufacture 
recommendations as they were dried with moisture-
free compressed air for 20sec. After that, a thin 
layer of Monobond N (Ivoclar Vivadental AG, 
Lichtenstein) was applied according to manufacture 
instructions with a micro-brush to the pre-treated 
and cleaned ceramic plates. The primer was 
permitted to react for 60 sec. furthermore, remaining 
abundance was dispersed with a gentle stream of air 
subsequently. Bonding procedure was performed 

using self-adhesive resin luting agent (SuperCem, 
Self-Etch Self-Adhesive Resin Cement, DentKist) 
which is a dual-cured dental resin cement, mixing 
and application of the luting cement was according 
to the manufacturer’s guidelines. It was mixed 
then applied over the abraded surface of composite 
blocks then fully seated on the Vita Enamic plates. 
The excess cement was removed with a brush prior 
to spot curing. For standardized equal pressure 
during the cementation, a load of 1Kg was used 
over cemented specimens resulted in standardized 
uniform cement film thickness.(36) The bonding 
assembly was light polymerized for 40 sec. for 
each surfaces from four directions at a distance of 
10 mm. After excess cement has been removed, the 
constant load was left for 5 min. Before shear bond 
strength estimation, the specimens were stored at 
37˚C in distilled water for 30 days, then they were 
thermocycled for1000 cycles in water baths between 
5˚C and 55˚C, water storage. The dwell time at each 
temperature was 30 sec. with a transfer time of 15 sec. 
between baths (Theromocycler, Robota, Alexandria, 
Egypt). The thermocycling conditions were based 
on the calculation of that 1000 thermocycles would 
simulate the situation during one year in the oral 
cavity.(37) After thermocycling, specimens were 
tempered to room temperature in a water bath then 
shear bond strength test was performed and values 
were recorded in (MPa). A shearing load was applied 
at a 0.5 mm/min crosshead speed. The chosen slow 
crosshead aimed to produce a shearing force during 
blocks debonding along the ceramic-resin interface. 
The debonding load was recorded in Newton.

Shear bond strength test

The universal testing machine (Instron Universal 
testing machine, model no. 3345, England) was 
used for shear bond strength measurement at 
across-head speed of 0.5 mm/min. using computer 
software Blue Hill Instron. It was recorded in MPa 
and was obtained by dividing the debonding load 
(N) at the time of fracture by the bonding surface 
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area. Failed areas of the specimens were evaluated. 
Specimens were dehydrated using solutions of 
ethanol, air dried, fixed on metallic stubs, then 
covered by thin layer of gold (Sputter Coating 
Evaporator, SPI Module - Sputter Carbon / Gold 
Coater), and examined using a Scanning Electron 
Microscope (SEM) (JEOL JSM 6510 lv, Japan) at 
different magnifications. The failure modes were 
classified as cohesive failure; that is referred to a 
complete fracture within the ceramic or within the 
composite resin, adhesive failure; which means 
fracture between the ceramic (or composite resin) 
and bonding agent, and mixed fracture; which 
indicates fracture involving two materials.

RESULTS

The obtained results were subjected to statistical 
analysis by SAS computer program (Version 9.1.3. 
SAS Inst., Cary, NC.) using the general linear 
models (GLM). Data were presented as mean ± SD. 
Test groups were compared by One-way analysis 
of variance (ANOVA) and the significance of the 
mean difference between the groups were done by 
Tukey’s multiple comparison test at (p≤ 0.05). In 
the current study it was found that, the highest mean 
SBS (MPa) was reported for steam cleaning group 
(18.411 MPa), while the lowest mean SBS value 
was observed for control group (4.000 MPa). There 
was no statistically significant difference between 
ultrasonic and Ivoclean cleaning groups (11.525 
MPa, 10.989 MPa) respectively (P=0.2941). On the 
other hand there was high statistically significant 
difference between (SCG) and other groups (CG, 
UCG, ICG) (p=0.0001). (Table 2)

Scanning Electron Microscopy (SEM)

In this in-vitro study, failure pattern was 
evaluated using SEM at different magnifications as 

shown in (Table 3). Failure pattern of all debonded 
specimens showed mainly mixed failure in which 
adhesive failure occurred between Vita-enamic 
ceramic and cement with remnants of resin cement 
adherent to the ceramic plates. On the other hand 
some of specimens showed completely adhesive 
failure between ceramic and resin cement as the 
specimen surface was free from any remnants of 
resin cement. (Fig. 1)

TABLE (2): Mean and standard deviations of shear 
bond strength in (Mpa) of all test groups 

GROUP Mean SD

CG 4.000c 0.597

UCG 11.525b 0.998

SCG 18.411a 1.565

ICG 10.989b 1.126

P value 0.0001

a-c = Means with the same letter in the column are not 
significantly different at P≤0.05.

TABLE (3): Failure patterns of different tested 
groups.

Cleaning 
methods

Failure modes

Adhesive Mixed Cohesive 

CG 5 5 0

UCG 3 7 0

SCG 2 8 0

ICG 3 7 0
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DISSCUSION

This in-vitro study aimed to assess the impact 
of various cleaning protocols on bond strength to 
contaminated hybrid ceramic surface. The null 
hypothesis of this research work was rejected 
as the cleaning methods had an essential role 
in improvement of bond strength values to Vita 
Enamic ceramic.

Vita Enamic material was chosen as it is a new 
type of material combines the advantages of both 
ceramic and composite materials and known as 
polymer infiltrated ceramic (PICM). According 
to the material composition, the presence of both 
polymer and ceramic phases together within used 
PICM results in plasticity feature to the bulk 
material.(3) The polymer content of this material 
is consisted of two interpenetrating networks, 
resulting in a diminished fracture susceptibility of 
hybrid ceramic and  increased crack resistance. (3,38)  

More favorable advantages have been reported 
for Vita Enamic material such as the acceptable 
indicator of brittleness that allows the material to be 
manipulated in one step without requiring additional 
firing such as some partially sintered CAD/CAM 
materials. This result in final products with a higher 
degree of dimensional accuracy. Comparing with 
traditional veneering porcelains, the lower material 

hardness provide better protection of opposing teeth 
against excessive wear.(3) 

All tested groups in this study were mechanically 
treated using an Al2O3 abrasion procedure, as this 
micromechanical surface treatment considered an 
effective method for ceramic surface modification 
by increasing surface energy and surface area for 
wettability and bonding.(39-41) On the other hand, 
it increases roughness of the surface and helps in 
penetration of resin cement into micro-retentions 
that creates an interlock micromechanically between 
the resin cements and ceramics. This method for 
surface treatment is controlled by certain parameters 
like pressure, distance from ceramic surface, 
particle size, impact angle, and working time. Any 
differences lead to contradictory results.(42)  

There is no doubt that, air abrasion can be used 
as an effective cleaning method as it cleans the 
inner surface of restorations. It is considered as 
the most effective cleaning methods and there was 
a consensus from previous studies that air-borne 
abrasion increases the surface area and chemical 
activation of the bonding surface because it removes 
organic contaminants. (43)

In this work, universal primer was used for 
Vita-Enamic surface treatment before bonding as it 
is considered superior pretreatment in all recently 
available in-vitro studies. Also, it becomes more 

Fig. (1) SEM image showing: A) adhesive failure at composite/ceramic disc interface. B) mixed mode of failure after debonding 
procedures.
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recommended form the International Academy for 
Adhesive Dentistry (IAAD).(44,45) Monobond-N was 
used in this research work, as it composed of three 
functional methacrylate groups; silane methacrylate 
for glass ceramic, sulfide methacrylate for precious 
metal alloys, and phosphoric acid methacrylate 
which is the most important one as it belongs for 
oxide ceramics and base metal alloys.(46) 

The results of this study showed that, shear bond 
strength values obtained from control group after 
salivary contamination and air-water spray cleaning 
were (4.00±0.59 MPa) this proved that, using of air-
water spray from shipsyring is not recommended 
for surface cleaning after contamination and is 
not sufficient to maintain stable and strong bond 
strength between Vita-Enamic and resin cements, 
this agreed with results of Bayındir and Köseoğlu 
study (2020). (47) 

Maintaining of restorations intaglio surface 
free of contaminants is a challenge and provide 
strong bond which is very important for long 
term clinical durability.(43,48) During try-in step, the 
bonding surfaces of ceramic restorations become 
contaminated with saliva, silicone indicators and 
blood. The methods of cleaning depending on type 
of contamination. (24,49) The most common cause 
of reduction of restoration bond strength is saliva 
contamination. It affects resin bonding to ceramic 
negatively as it leaves behind an organic adhesive 
layer in the early few seconds of the exposure which 
is washing resistance.(50)

Physiological saliva consists of 99% water, 
proteins, little amount of sugar, glycoprotein, 
amylase, and inorganic particles. Adsorption of 
salivary proteins occurs on the surface of restorative 
materials after contamination with saliva, leaving a 
thin layer of organic protein bio-film that is resistant 
to water washing.(34) Most of inorganic components, 
such as phosphate and calcium, present in artificial 
but does not contain any human salivary proteins. 
In this study artificial saliva was used because 
using of human saliva in research work may lead to 

disturbance in standardization and reproducibility 
of experiments due to human difference as reported 
by Joukhadar et al., (2020)(48) 

Previous studies explained the role of cleaning 
methods in enhancement of bond strength to ceramic 
restorations so, many different cleaning protocols 
were applied.(43) There are many factors control the 
choice of these methods for example, duration from 
exposure to contamination, type of contamination, 
surface area exposed to contaminants and the 
effectiveness of the cleaning method.(50) In the 
present study cleaning methods and materials can 
overcome the adverse effect of saliva contamination 
on ceramic, but this effect differs depending on the 
cleaning method.

One of cleaning agents used in this study is 
a chemical cleaning paste called Ivoclean that 
consisted of an alkaline suspension of zirconium 
oxide particles. It is also containing zirconia, 
water, sodium hydroxide, polyethylene glycol and 
other components. Regarding to concentration of 
particles and size in its composition, Ivoclean acts as 
a “sponge” as phosphate contaminants from saliva 
absorbed by its particles than any other ceramic 
surfaces and leaves ceramic clean and free from any 
debris. The current research illustrated that, both 
Ivoclean and ultrasonic cleaning groups showed 
high SBS than control group. This finding may be 
related to high pH level of Ivoclean, which might 
be necessary for enhancement of bond strength 
when combined with universal primer. (24,43) Also 
according to scientific documentation, Ivoclean 
is a universal cleaning paste that can be used with 
various types of dental restorative materials and it 
creates the basis for strong and stable bond between 
the adhesive resin cement and restorations. (51)  

An ultrasonic is a common cleaning method. It 
was supposed to improves the bond strength levels 
between resin cement and ceramic surface.(52) The 
idea of ultrasonic cleaning depends on “cavitation” 
which defined as microscopically creation of 
bubbles in a solution by the electrical frequency 
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conversion into sound waves. These bubbles break 
down debris to the molecular level and remove 
them away from contaminated surfaces.(53) Cleaning 
solutions for ultrasonic cleaners may be any type 
of liquid to be used according to manufacturer 
recommendations so, in this study ethyl alcohol 
of (90%) concentration was used. However, the 
effect of ultrasonic cleaning is argumentative, the 
result of this study disagreed with Nishigawa et al.,  
(2016)(54) who reported that, cleaning of dental 
restorations using ultrasonic cleaner after 
sandblasting should be avoided because it decreased 
the adhesive strength of resin luting material. Also, 
Passos et al., (2010)(55) concluded that ultrasonic 
cleaning with isopropanol might lead to low values 
of bond strengths and unstable bond. 

In the current study it was found that, the highest 
mean SBS (MPa) was reported for steam cleaning 
group (18.411 MPa). The commonly used method 
in dental laboratories is steam cleaners for cleaning 
impression trays and models, removing polishing 
debris, and removing metal frames and wax. Steam 
cleaning after sandblasting is considered a simple 
and easy way to remove any debris. Application of 
steam cleaning had an improving effect on bond 
strength of restorations with less adhesive failure.
(56) However, using of this method is controversial, 
so, it should be used with caution during surface 
cleaning of dental restorative materials. Extra use of 
the steam cleaning on ceramic surface subsequent to 
sandblasting could make the surface configuration 
clear in SEM by eliminating some sandblasted 
particles loosely embedded in surface as well as 
the debris and oily contaminants. The resultant 
bond strength was significantly improved to reach 
almost the maximum bond strength of this ceramic-
composite assembly.(56) 

Dental restorations expose to continuous 
chemical, thermal, and mechanical stresses in the 
oral cavity. Artificial aging methods are performed 
to simulate these conditions in the experimental 
studies and to expect the durability and long-term 
bonding behavior. The common types of artificial 

aging treatment methods are water storage and 
thermal cycling. In this study, 1000 thermocycles 
were performed to simulate intra-oral environmental 
aging conditions. According to previous study, 
water storage represents a hydrolytic degradation 
while thermocycling represents a hydrothermal 
aging. Thermocycling highly affected the durability 
of the resin bond strength to ceramic than did water 
storage at a constant temperature. (57) 

The analysis of the failure mode patterns showed 
that nearly most of failure modes that occurred at 
the ceramic/resin interface showed mixed mode of 
failure. Most of previous studies agreed with the 
results of the current study as the cleaned ceramic 
surface characterized by smooth surface appearance 
and predominantly mixed failure mode pattern.
(43,53,56)

CONCLUSIONS

Within the limitations of this in vitro study, the 
following conclusions were drawn:

-	 Surface cleaning methods are recommended 
to improve bonding to Vita- enamic hybrid 
ceramic.

-	 Steam cleaning method was the most effective 
one compared to other methods.
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