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Abstract

Purpose: The purpose of this study was to evaluate the effectiveness of using conventional vs self-etching ceramic
primer on the shear bond strength (SBS) of luting resin cement to feldspathic CAD/CAM ceramic blocks.

Methods: A total of 20 feldspathic porcelain disc specimens were sectioned from prefabricated ceramic blocks (Cerec
blocks). They were divided into 2 groups (n=10) according to surface treatment. Group A (Conventional technique)
included the application of 9.6% Hydrofluoric acid etching and then a Monobond-N silane agent; Group B included the
application of Monobond etch & prime only. Resin cement cylinders (4.25 mm in diameter, 2 mm in height) were directly
bonded on the pre-treated ceramic discs and light cured for 40 seconds. Shear bond strength was measured using a
universal testing machine at a cross-head speed of 1 mm/min. The data were analyzed using a Student t-test with a
significance level of 0.05. Mode of failure was observed and registered.

Results: The mean # standard deviation of shear bond strength of Group A was 7.64 * 2.9 MPa and Group B was
measured at 9.2 * 2.68 MPa. There was no statistically significant difference between the two groups. Most of the
specimens (8/10 in group A and 9/10 in group B) cohesively failed within the ceramic layer.

Conclusion: Within the limitation of this study, self-etching ceramic primer provided equivalent results to the

conventional technique in terms of shear bond strength to feldspathic ceramic material while simplifying the technique.
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Cohesive failure within ceramic material indicates good bond strength between the resin cement and pre-treated ceramic

surfaces.

Keywords: Shear bond strength; CAD/CAM ceramic blocks; Monobond etch & prime; Resin cement cylinders

Abbreviations: SBS: Shear Bond Strength; CAD:
Computer Aided Design; CAM: Computer Aided
Manufacturing; MEP: Monobond Etch and Prime.

Introduction

All-ceramic restorations are becoming more popular
in the field of esthetic and restorative dentistry because of
their superior esthetics and biological properties [1,2].
With recent advances in technology, Computer Aided
Design/Computer Aided Manufacturing (CAD/CAM)
systems have been developed, replacing traditional
laboratory methods for fabrication of all-ceramic
restorations. They offer superior characteristics when
compared to traditional methods, including increasing
cost-effectiveness, achieving industrial quality standards,
and a reduction in fabrication time [3,4].

Feldspathic ceramic blocks are among the first and
most commonly used in CAD/CAM technology. Sirona
Cerec Blocs are fabricated using fine-grained powders
that produce a nearly pore-free ceramic with fine crystals.
They provide excellent esthetic properties, do not require
additional heat treatment, and can be readily polished.
They are indicated for inlays, onlays, crowns, and veneers.
Surface pre-treatment of the ceramic is required to
achieve optimal bond strength [5-7].

The conventional method involves applying
hydrofluoric acid for 30-60 seconds, followed by rinsing
and drying. Then, a silane coupling agent is applied.
Although this procedure achieves good bond strength
[8,9], it is technique sensitive and time consuming. In
addition, hydrofluoric acid is toxic and studies have
shown that the use of hydrofluoric acid could be
associated with hazardous effects, such as skin burns, eye
injuries, and even serious ingestion and inhalation-related
symptoms [10-12].

A new surface treatment material was recently
introduced by Ivoclar Vivadent, combining the acid and
silane agent in one bottle, and replacing hydrofluoric acid
with ammonium polyfluoride. This new Self-etching
primer (Monobond etch and prime, Ivoclar Vivadent,
Schaan, Liechtenstein) simplifies the bonding procedure
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by decreasing the number of steps as well as saving
chairside time. In vitro studies showed that Monobond
etch and prime had comparable bond strength to the
conventional bonding method [13,14]. In a short clinical
study, the use of MEP offered a simplified alternative
approach with good clinical results [13].

The aim of this in vitro study was to evaluate the shear
bond strength of resin cement to feldspathic CAD/CAM
ceramic blocks by comparing the conventional method to
self-etching ceramic primer. The null hypothesis is there
will be no significant difference in the shear bond
strength of resin cement to feldspathic porcelain between
conventional and self-etching ceramic primers.

Materials and Methods

CAD/CAM CEREC blocks (Sirona Dental System GmbH,
Germany) were sectioned using a low-speed diamond saw
(SYJ-150 Low Speed Diamond Saw, USA) under
continuous water-cooling to obtain twenty rectangular
discs 2 mm in thickness. After cleaning, the discs were
positioned into plastic rings and embedded in self-
polymerized acrylic resin. Porcelain surfaces were wet
polished with up to 600 grit silicon carbide sandpaper for
1 minute. Specimens were divided equally into two
groups. Each group was assigned to one of two surface
pre-treatment methods. All materials were used
according to manufacturer instructions (Table 1).
Specimens in group A were etched with 9.6%
hydrofluoric acid (Pulpdent Corporation, Watertown,
Massachusetts, USA) for 30 seconds, then thoroughly
rinsed with water spray and dried with oil-free air. A thin
coat of silane coupling agent, Monobond N (Ivoclar
Vivadent, Schaan, Liechtenstein) was applied on the
etched surface with a microbrush and was allowed to
react for 60 seconds, and then air dried to remove excess.
For group B, a self-etching ceramic primer, Monobond
etch and prime (MEP), (Ivoclar Vivadent, Schaan, and
Liechtenstein) was applied with slight pressure using a
microbrush and agitated for 20 seconds, then allowed to
react for another 40 seconds. After that, the material was
thoroughly rinsed with water and dried with a strong
stream of water and oil-free air for 10 seconds.
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Material

Composition

Manufacturer

Si02 56 - 64 %, Al203 20 - 23 % Na;0 6 -9 %

Cerec Blocs

K20 6 - 8%, Ca0 0.3 - 0.6% Ti02 0.0 - 0.1%

Sirona

Porcelain Etch Gel

9.6% hydrofluoric acid

Pulpdent Corporation

Alcoholic-aqueous solution of ammonium

Monobond Etch & Prime polyfluoride, silane methacrylate, and colorant Ivoclar Vivadent
Alcohol solution of silane methacrylate,
Monobond-N phosphoric acid methacrylate, and sulphide Ivoclar Vivadent
methacrylate.
Dimethacrylates and acidic monomers.
Multilink Speed Inorganic fillers include barium glass, Ivoclar Vivadent

ytterbium trifluoride, co-polymer, and highly
dispersed silicon dioxide.

Table 1: Summary of materials used in the study.

A Teflon mold with a cylindrical cavity measuring 4.25
mm in diameter and 2 mm in height was used to create
resin cement discs for the shear bond strength test. The
mold was placed over the pre-treated porcelain surface
and dual-cure resin cement (Multilink Speed, Ivoclar
Vivadent, Schaan, and Liechtenstein) was mixed using an
automix tip and directly injected into the mold. To ensure
complete adaptation of the resin cement and to minimize
the incidence of defects, pressure was applied over the
uncured resin using a glass slide. Then the cement was
polymerized using a high-luminosity LED light curing unit
(Starlight Pro, Mectron, Carasco, Italy) for 40 seconds. The
mold was carefully disassembled and all specimens were
examined for excess resin beyond the bonding area,
which was removed by a sharp blade.

Before mechanical testing, all specimens were checked
under a 2.5x magnification loupes and any specimen with
voids or cracks within the resin discs was eliminated.
Specimens were tested for shear bond strength using a
universal testing machine (MultiTest 2.5-, Mecmesin,
Slinfold, UK) with a semicircular metal attachment
operating at a crosshead speed of 1 mm/min until failure.
Failure was defined as partial or complete debonding of
the resin cement, accompanied by a 20% drop in the load.
The load required for failure was recorded in Newtons

then converted to SBS in MPa by dividing it by the surface
area in mm? following the formula:

Shear bond strength = P/mr?

where P = Load at failure, r = radius of resin discs (2.125
mm)

Statistical analysis of the results for the SBS was
performed by two sample student’s t-test using JMP.
Statistical Discovery from SAS software (SAS Campus
Drive. Cary, NC, USA) at significance level a = 0.05.

Failure modes: cohesive failure within ceramic (CC),
cohesive failure within resin (CR), or adhesive failure
(complete debonding of resin, AF) were observed and
recorded after each test.

Results

Descriptive statistics for test groups are summarized
in Table 2. Mean and standard deviation related to group
(A) was 7.64 * 2.93 and group (B) was 9.19 * 2.67. There
was no significant difference in the mean SBS of resin
cement to feldspathic porcelain between the two surface
treatments (p < 0.05) (Table 3, Figure 1).

Level Number Mean Std Dev Std Err Mean | Lower 95% | Upper 95%
Group A 10 7.64 2.93151 0.92703 5.5429 9.737
Group B 10 9.19 2.67891 0.84715 7.2736 11.106

Table 2: Descriptive statistics.
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Difference 1.55 t Ratio 1.234273
Std Error Dif 1.2558 DF 18
Upper CL Dif 4.1883 Prob > |t]| 0.233
Lower CL Dif -1.0883 Prob>t 0.1165

Confidence 0.95 Prob<t 0.8835

Table 3: Statistical analysis.

Shear bond strength (MPa)

o

Figure 1: Box plot showing similar median range of the
two groups.

Most of the specimens (8/10 in group A and 9/10 in
group B) cohesively failed within the ceramic layer. Few
specimens (2 in group A and 1 in group B) failed
adhesively by complete debonding of the resin cement. No
cohesive failure in resin cement was encountered.

Discussion

This study was conducted to evaluate the shear bond
strength of resin cement to feldspathic CAD/CAM ceramic
blocks using two different surface treatments:
hydrofluoric acid etching and silane coupling agent vs
self-etching ceramic primer. Mode of failure was also
recorded.

This study revealed that there was no significant
difference in the shear bond strength of resin cement to
feldspathic CAD/CAM ceramic blocks between the
conventional technique (HF etching and silane
application) and the self-etching ceramic primer. We
failed to reject the null hypothesis. These findings are in
agreement with previous studies that found that the use
of MEP for surface pre-treatment of glass ceramic blocks
provides adequate bond strength that is equivalent to the
conventional technique [13-15]. On the contrary, other
studies reported that shear bond strength of resin cement
to CAD/CAM glass ceramics when treated with MEP is
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significantly lower when compared to pre-treatment with
hydrofluoric acid. These findings can be attributed to the
formation of insoluble silica-fluoride salts which might
interfere with the resin bonding. They also found that the
high acidity of hydrofluoric acid produced higher surface
roughness and increased surface area, which might
explain the higher bond strength [16,17].

Mode of failure evaluation revealed a high percentage
of cohesive failure within the ceramic for both groups
(80% in group A, 90% in group B). Similar findings were
reported in previous studies [16,18,19]. This might
indicate a strong bond between porcelain and resin
cement regardless of surface pre-treatment method.
However, it also represents an inherent weakness in
shear bond testing, where stress concentration may occur
at areas far from the porcelain-resin interface. This
testing method may underestimate the actual stress
values and result in lower shear bond strength [20]. Other
studies have shown more adhesive failures [13,15]. This
could be attributed to different testing settings or because
they used a stronger ceramic material such as lithium
disilicate.

Conclusion

Within the limitations of this in vitro study, the following

conclusions were drawn:

a) In terms of shear bond strength to feldspathic ceramic
material, self-etching ceramic primer provided
equivalent results to hydrofluoric acid etching and
silane application while simplifying the technique and
reducing toxicity.

b) Cohesive failure within ceramic material indicates good
bond strength between the resin cement and the pre-
treated ceramic surface.
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