Keywords
Cleaning Solutions, Shear Bond Strength(SBS),
Zirconia

Authors

Dr. Mohammed Zahid!, MDS, Reader,
Department of Prosthodontics and Crown and
Bridge, Yenepoya Dental College. ORCID ID-
0000-0002-9960-9646

Dr Kevin Fernandes?”, MDS, Additional
Professor, Department of Prosthodontics and
Crown and Bridge, Yenepoya Dental College.
ORCID ID-0000-0001-6473-0617, Email-
kevinfernandes@yenepoya.edu.in, Contact-
9845229713

Dr Sonal Gavande®, MDS, Department of
Prosthodontics and Crown and Bridge,
Yenepoya Dental College. ORCID ID-0009-
0008-3043-7410

Dr. Uma*, MDS, Additional Professor,
Department of Prosthodontics and Crown and
Bridge, Yenepoya Dental College. ORCID ID-
0000-0002-7473-7481

M Dr Rajesh Shetty’, MDS, Head of the
Department, Department of Prosthodontics and
Crown and Bridge, Yenepoya Dental College.
ORCID ID- 0000-0002-2538-2012

Dr. Karkala Sayed Suhaim®, MDS, Additional

Professor, Department of Prosthodontics and
Crown and Bridge, Yenepoya Dental College.
ORCID ID-0000-0002 9198-2366

Received:13-06-2026
Revised:19-07-2026
Accepted:24-07-2026
Do0i:10.1922/ejprd.v34i3.1669

European Journal of Prosthodontics and Restorative Dentistry (2026) 34(3), 62—70

Evaluation and comparison of
the shear bond strength of resin
cement to zirconia after using
two different cleaning solutions

Abstract

Aims & Background: Zirconia is widely used due to its strength and
durability, but proper bonding is essential for long-term success.
Contamination can reduce adhesion. While Ivoclean is well established,
limited evidence exists for Finevo. This study evaluates and compares their
effects on shear bond strength (SBS) of resin cement to zirconia.

Materials and Methods: Twenty-four CAD-CAM zirconia samples
(10%x6%2 mm) were divided into three groups (n=8): Group A (no cleaning
after salivary contamination), Group B (cleaned with Ivoclean), and Group
C (cleaned with the Finevo system). All samples underwent SBS testing, and
results were analyzed using one-way ANOVA.

Results: A p-value <0.01 indicated a statistically significant difference
among the groups.

Conclusion: Ivoclean demonstrated superior bond strength compared to
Finevo.

Clinical Significance: Cleaning zirconia surfaces after contamination is
critical for optimal bonding. Effective decontamination reduces debonding
risk and supports the development of standardized clinical protocols for
zirconia restorations.
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INTRODUCTION

The CAD-CAM technology has revolutionised the field
of restorative dentistry by allowing the production of high
precision metal-free ceramics of excellent quality. The
high mechanical strength, biocompatibility and attractive
appearance of the zirconia has made it very acceptable in
clinical use. Nevertheless, the effectiveness of bonding to
the tooth structure is essential in the clinical longevity of
zirconia restorations and this is still a significant issue
during cementation procedures.[1]

A contaminated bond strength of zirconia and resin
cement may occur as a result of saliva or blood that is
added during the try-in phase. These contaminants and
especially salivary phosphates remain on the surface of
the zirconia even after rinsing or drying under air and
disrupt the chemical bond between the resin cement and
zirconia, in particular with MDP-based primers. [2]. This
has led to several surface treatments such as mechanical
abrasion and chemical cleaning agents which have been
suggested to enhance resin to zirconia interface. Ivoclean
is one of the existing chemical cleaning agents, which has
demonstrated good outcomes in increasing the bond
strength following contamination. [1]

Problem Statement and Research Gap

As much as Ivoclean has been researched on, very little
information exists about the new systems like the Finevo
cleaning system. Finevo is created to eliminate organic
and inorganic polluting matter on a nanoscale and
simplify the clean-up procedure during laboratory and
clinical procedures [3]. Since no comparative research has
been conducted to evaluate the performance of Finevo
with the already-established cleaners such as Ivoclean, the
research should be extended further.

Purpose of the Study

This study seeks to assess and compare the shear bond
strength of resin cement to CAD-CAM zirconia following
application of two cleaning protocols of Ivoclean and
Finevo cleaning system and compare their results with
that of the control group. The aim is to establish the best
cleaning protocol with the highest bonding ability after
being contaminated with saliva, hence informing
clinicians about the best reliable surface cleaning method.
The null hypothesis pins on the non-existence of a
significant difference between the two cleaning systems
with regard to their effect on shear bond strength.

Methods:

Subjects Recruitment

This in vitro experimental study was approved by the
Institutional Ethical Committee. A total of 24 zirconia
specimens were fabricated and randomly divided into
three groups (n = 8) based on the cleaning protocol
applied. Sample size estimation was based on expected
bond strength values with a 90% confidence level and
10% relative precision, which determined a minimum of
8 specimens per group.

Specific Methods Used
1.Sample Preparation:
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Zirconia specimens measuring 10 X 6 x 2 mm were milled
from Ceramill® Zolid HT+ (Amann Girrbach GmbH,
Germany) using a Ceramill® Motion 2 CAD/CAM
milling unit (Figure 1). Design was carried out in Ceramill
Mind software, and samples were dry- milled from 14 mm
blanks. Following milling, sintering was done in a
Ceramill® furnace at a final temperature of 1450°C, with
a ramp rate of 80°C/min and a 2-hour hold at peak
temperature over a 12-hour cycle.

The sintered specimens were embedded centrally in self-
cure acrylic resin blocks using custom molds (27 x 10 X
10 mm). The blocks were then finished and polished with
emery paper and rotary burs.

2.Surface Treatment and Grouping:

All specimens were sandblasted using 50 pm aluminum
oxide (Al20s) particles at 2.5-3.0 bar pressure for 15-20
seconds from a 10 mm distance to increase surface energy
and promote micromechanical retention [2].

After sandblasting, samples were contaminated with
artificial saliva (E-saliva Plus) and randomly assigned to
one of the three groups:

Group A (Control): After contamination with artificial
saliva, no cleaning agents were used.

Group B (Ivoclean): Contaminated samples were cleaned
with Ivoclean (Ivoclar Vivadent) for 20 seconds, followed
by Monobond N application and resin cement placement.
(Figure 2)

Group C (Finevo): Contaminated specimens were cleaned
using the Finevo system (Bredent GmbH & Co. KG,
Germany), which consists of three sequential ultrasonic
baths:

Bath 1 which consists of an antibacterial solution
containing chlorhexidine gluconate and cetrimide. Bath 2
which contains 80% ethyl alcohol and bath 3 which
consists of medically pure water. Each cleaning stage was
carried out at 35°C for 8 minutes in an ultrasonic cleaner.
[3] (Figures 3,4).

For all groups, Monobond N (10-MDP containing
ceramic primer) was applied prior to cementation to
improve chemical adhesion between zirconia and resin
cement by interacting with both phosphate groups on
zirconia and methacrylate groups in the resin matrix [2].
A split Teflon mold was used to standardize the cement
cylinder size (3 mm diameter X 3 mm height). Resin
cement (RelyX™ U200 Automix, 3M ESPE, Germany)
was injected into the mold and light-cured for 40 seconds.
Excess cement was carefully

removed with a scalpel.

Bond Strength Testing:

Shear bond strength (SBS) was measured using a
Universal Testing Machine at a crosshead speed of 1
mm/min. Load was applied at the zirconia—cement
interface until

failure, and the peak debonding force was recorded in
MPa. [1,2] (Figure 5).

Data Analysis
Descriptive statistics were used to summarise the data.
One-way analysis of variance
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(ANOVA) was performed to compare SBS values among
the three groups. A p-value of <0.05 with a 95%
confidence interval was considered statistically
significant.

Statistical methodology was selected based on prior
studies evaluating resin—zirconia bond strength under
similar experimental setups [1,4].

Results:

Shear bond strength of resin cement to zirconia was
measured in three groups namely Control (No cleaning),
Ivoclean and Finevo. The statistical analysis has been
done comparatively as presented in Table 1.

The control group (no cleaning) had the mean SBS of 15.7
Mpa, the median of 17.1

Mpa and the inter-quartile range (IQR) of 10.3 Mpa.
Strengths of the bond were between 9.26 MPa and 21.7
MPa, which means that adhesion behaviour was low and
inconsistent.

Ivoclean group registered the best bond strength with the
mean of 26.5 MPa, median of 27.2 Mpa and Inter Quartile
ranging between 6.46 Mpa. The values were 19.7 Mpa to
31.7 Mpa which indicates that the bonding was much
better when decontaminated using Ivoclean.

The mean SBS in the Finevo group was 22.7 MPa and the
median was 22.2 MPa and IQR was 5.3 MPa. The lowest
and the highest values of bond strength were 18.4 Mpa
and 26.9 Mpa respectively. Even though the mean was a
little bit lower as compared to Ivoclean, Finevo had the
most consistent results amongst all groups.

The SBS of the three groups was compared through one-
way ANOVA. The experiment produced statistically
significant difference (p less than 0.001), which validates
the fact that the nature of the cleaning protocol has a
significant impact on the shear bond strength of resin
cement to zirconia (Graph 1).

Discussion:

The current research measured the shear bond strength
(SBS) of resin cement to zirconia surfaces that were soiled
in artificial saliva and then washed with Ivoclean or
Finevo cleaning system. The findings revealed that
specimens using Ivoclean had the best mean SBS (26.5
MPa), then Finevo (22.7 MPa) and the control group
(Nothing cleansed with 15.7 Mpa). These observations
imply that contamination substantially leads to a decrease
in strength of the bond whereas cleaning agents are both
effective in restoring the bond with Ivoclean being more
effective. Improved performance of Ivoclean can be
explained by the fact that the suspension of zirconium
oxide particle has high affinity to phosphate
contaminants, thus eliminating phosphate contaminants
off the surface of zirconia, and enhancing the adhesion of
resin cement. [1,5,6,7]. The effectiveness of Ivoclean as
superior is supported by several studies carried out in the
past. Both Hajjaj [1] and Atoche-Socola [8] were able to
show that Ivoclean restored or enhanced bond strength on
saliva contaminated zirconia surfaces. Blatz et al. [9]
clarified Ivoclean works through the concept of the APc
in which the air-particle abrasion, chemical cleaning (e.g.,
with Ivoclean), and application of phosphate monomer-
based resin cement (e.g., 10-MDP) are synergistic in
promoting bonding. Also, the protocol of air abrasion
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followed by chemical cleaning offered by Ozcan and
Bock also helps to emphasise the significance of
mechanical surface preparation. [2] Although other
researchers had compared Ivoclean to other agents such
as phosphoric acid, NaClO, and Zirclean, Finevo is not
well tested. This paper presents useful information since
it has Finevo as a direct competitor to Ivoclean.

An ultrasonic antibacterial cleaner made by Bredent,
Finevo, has also been reported to be useful in cleaning
abutments of the implants, particularly by the action of
cavitation and vibration to remove both the biological and
non-biological debris. [8,10,6] Not well documented
though is its application on zirconia. In our research,
Finevo was found to be of great help in improving SBS
over the uncleaned control group, but it was a little less
efficient than Ivoclean. This can be attributed to the fact
that its action is not more specific to phosphate
contaminants on zirconia, but its multi-stage cleaning
effect (chlorhexidine, acetone, ethanol) is useful in a more
global cleaning environment. [9] Such results suggest that
Finevo can be an appropriate substitute to Ivoclean in the
case when it is not available, but the use of zirconia might
still need optimisation.

Although these are encouraging findings, this is a
limitation of this in vitro study. It is not a simulation of the
oral environment in its entirety, like saliva composition,
temperature changes and mechanical loading were not
modelled over the long-term. Moreover, the sample size
is big enough to perform the preliminary evaluation, but
it restricts with the generalizability. The efficacy of both
systems of cleaning in vivo and their capacity to preserve
bonding strength during functional loading and keeping
of moisture necessitates larger and long-term clinical
trials to ensure the efficacy of both systems in the efficacy
of both systems in the efficacy of the two systems.

This study results have clinical implications to restorative

dentistry. Since zirconia is gaining popularity due to its

strength and esthetics, maintaining the best adhesion is of
paramount importance to the success of fixed prostheses.

It is important to adopt sound decontamination procedures

as failures as a result of debonding are reported in ADA

surveys [5]. The effectiveness of Ivoclean, and the future
perspectives of Finevo prove their presence in clinical
practise. This research can assist in directing the clinician
towards making evidence-based choices on the surface
treatment of zirconia prior to cementation, which in the
end will lead to increased restoration longevity and patient

satisfaction. [11, 12]

In the constraints of this in vitro research study, we can

draw the following conclusions:

1.  When no cleaning solution was used on saliva
contaminated zirconia surfaces, the shear bond
strength of resin cement was statistically significant
reduced.

2. Utilisation of Ivoclean as a cleaning agent showed a
significant enhancement in the shear bond strength
between the resin cement and the zirconia.

3. The statistically significant increase in the shear
bond strength of the Finevo cleaning system over the
uncleaned control group was statistically significant.

4.  Even though Ivoclean and Finevo are effective in
terms of strengthening bond, Ivoclean provided
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slightly better outcomes compared directly with
Finevo.

Conclusion:

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

1.The use of no cleaning solution on saliva-contaminated
zirconia surfaces resulted in a statistically significant
reduction in the shear bond strength of resin cement.
2.The application of Ivoclean as a cleaning agent
significantly improved the shear bond strength between
resin cement and zirconia.

3.The Finevo cleaning system demonstrated a statistically
significant improvement in shear bond strength compared
to the uncleaned control group.

4.Although both Ivoclean and Finevo were effective in
enhancing bond strength, Ivoclean showed slightly
superior results when compared directly to Finevo.

List of abbreviations:
References:

1.

Hajjaj MS, Alzahrani SJ. Effect of different
cleaning methods on shear bond strength of
resin cement to contaminated zirconia.
Materials. 2022 Jul 21;15(14):5068.

da Silva NR, de Araujo GM, Vila-Nova TE,
Bezerra MG, dos Santos Calderon P, Ozcan M,
e Souza RO. Which zirconia surface-cleaning
strategy improves adhesion of resin composite
cement after saliva contamination? A
systematic review and meta- analysis. The
Journal of Adhesive Dentistry. 2022 Apr
13;24:b2916437.

FINEVO Cleaning System; bredent GmbH &
Co. KG: Senden, Germany. Available online:
www.bredent.com (accessed 2022).

Yan S, Li M, Komasa S, Agariguchi A, Yang Y,
Zeng Y, Takao S, Zhang H, Tashiro Y,
Kusumoto T, Kobayashi Y. Decontamination of
titanium surface using different methods: An in
vitro  study.  Materials. 2020  May
15;13(10):2287.

Lawson NC, Frazier K, Bedran-Russo AK,
Khajotia S, Park J, Urquhart O. Zirconia
restorations: an American dental association
clinical evaluators panel survey. The Journal of

Figures and figure legends

10.

11.

12.

the American Dental Association. 2021 Jan
1;152(1):80-1.

Zakavi F, Mombeini M, Dibazar S, Gholizadeh
S. Evaluation of shear bond strength of zirconia
to composite resin using different adhesive
systems. Journal of Clinical and Experimental
Dentistry. 2019 Mar 1;11(3):e257.

Gehrke P, Tabellion A, Fischer C.
Microscopical ~ and  chemical  surface
characterization of CAD/CAM  zircona

abutments after different cleaning procedures.
A qualitative analysis. The Journal of
Advanced  Prosthodontics. 2015  Apr
23;7(2):151.

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 26;13(4):237.

Blatz MB, Alvarez M, Sawyer K, Brindis M.
How to bond zirconia: the APC concept.
Compend Contin Educ Dent. 2016 Oct
1;37(9):611-7.

Gehrke P, Abazari C, Schlichter K, Fischer C,
Duddeck D, Romanos GE, Weigl P. Qualitative
and  semi-quantitative  assessment  of
processing-related surface contamination of
one-and two-piece CAD/CAM abutments
before and after ultrasonic cleaning. Materials.
2020 Jul 20;13(14):3225.

Yousef LW, Baig MR, Qudeimat MA,
Matinlinna JP, Al-Shammari M. Enhancing
bonding of zirconia lithium silicate ceramics to
dentin: The effect of surface treatment and
resin cement. International Journal of Adhesion
and Adhesives. 2024 Jun 1;132:103729.
Al-Amari AS, Saleh MS, Albadah AA,
Almousa AA, Mahjoub WK, Al-Otaibi RM,
Alanazi EM, Alshammari AK, Malki AT,
Alghelaiqah KF, Akbar LF. A Comprehensive
review of techniques for enhancing zirconia
bond strength: current approaches and
emerging innovations. Cureus. 2024 Oct
5;16(10).

Figure 1 —Blank of Zirconia (AmannGirbach Ceramill® CAD/CAM Material — Zolid HT+ 14mm).

Figure 2 — Ivoclean cleaning solution.

Figure 3 — Finevo solution in the ultrasonic bath. Figure 4 — Finevo solution ultrasonic cleaning bath. Figure 5 — Samples
under UTM.
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Figure 1 —Blank of Zirconia (AmannGirbach Ceramill® CAD/CAM Material — Zolid HT+ 14mm)

Figure 2 — Ivoclean cleaning solution

Figure 3 — Finevo solution in the ultrasonic bath
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Figure 5 — Samples under UTM

TABLE 1: Shear Bond Strength comparison by different cleaning methods -Tested using One- way ANOVA test

Group

Mean SD 95% Confidence Interval for Mean Test statistic | p value
Lower Bound Upper Bound
CONTROL 15.7475 5.349805737 11.27495048 20.22004952 11.836 <0.001
IVOCLEAN 26.48125 4.5104464006 22.71042244 30.25207756
FINEVO 22.6575 3.323860707 19.87868291 2543631709
EJPRD
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GRAPH 1: Shear Bond Strength comparison by different cleaning methods
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Figure 3: Resin Cement
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Figure 4: Ivo Clean Liquid

Figure 5: Monobond
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Figure 6: Finevo Cleaning Liquid
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