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ABSTRACT

Introduction: Clinical success of ceramic repair system is dependent on integ-
rity of bond between metal, ceramic and resin composite. Aim: Evaluate shear bond
strength (SBS) of composite repair material to ceramo-metalic and zirconium resto-
rations using new adhesive system after thermocycling. Materials and methods: 28
square specimens of metal, zirconia, veneering porcelain for metal (VMK95) and ve-
neering porcelain for zirconia (VM9) were prepared (1 x 1 x 0.5 cm) and divided into
4 groups: 1)metal (M) group , 2)zirconia (Z) group , 3)veneering porcelain for metal
(VPM) group, 4)veneering porcelain for zirconia(VPZ) group). Then M and Z groups
were sandblasted while VPM and VPZ groups were subjected to HF acid. Single bond
universal adhesive were applied to exposed surface of all groups then repair composite
material was built up incrementally over center of exposed surface using cylindrical
teflon mold (3 x 5 mm), stored for 7 days in distilled water followed by 1000 thermo-
cycles then SBS was tested. Results: Highest SBS value between composite repair
material and M group followed by Z group and composite repair material then VPM
group and composite repair material then VPZ group and composite repair material.
Conclusions: Sandblasting and application of single bond universal adhesive contain-
ing MDP can be recommended for repair metal and zirconium surfaces with composite
material. HF acid etching and application of single bond universal adhesive containing

MDP can be recommended for repair VPM and VPZ with composite repair material.

INTRODUCTION

Repair may be indicated when a fractured restoration continues to
fulfill the requirements for preserving dental-periodontal health, with-
out any need for replacement . Furthermore, factors such as elevated
cost, possible trauma to restored tooth, lack of time, and difficulty of
removing the restoration may occasionally delay the replacement of
fractured restorations .

The clinical success of ceramic repair system is almost dependent
on the integrity of bond between the ceramic and the resin composite.
This integrity is achieved either by chemical or mechanical bond ©.

Dental adhesive systems were initially introduced for bonding
composites to mineralized tooth structures ¥. Recently, the newer
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generations of adhesive systems are multipurpose
systems capable of bonding to various substrates.
These new systems are used for bonding compos-
ite materials to enamel, dentin, metal, porcelain and

even zirconia ©.

MATERIALS AND METHODS

Materials

With this development in tooth-colored restora-
tions and newer generations of multipurpose adhe-
sive systems, it is essential to investigate the bond
strength of these materials to various substrates, es-
pecially metal, porcelain and zirconia.

Materials used in this study listed in the following table:

Material Brand name

Main composition Manufacturer/country

NIDUR Ni-Cr dental

Nickel Chromium alloy alloy

Ni 62%, Cr 24.50%,Mn 10.30%,Si
1.70%,Fe 1.50%,Traces Co, C

DFS DIAMON, Germany

Veneering porcelain for
metal

VMK95 METAL
KERAMIC

feldspathic mixture of anhydrated alumi-
no-silicates powder K,0, Al,O, 6Si O,

VITA Zahnfabrik, Bad
Sackingen, Germany

Veneering porcelain for
zirconium

Base Dentine Vita VM.9

biological porcelain ceramic zirconium
oxide powder

VITA Zahnfabrik, Bad
Sackingen, Germany

Zirconium blocks

AmannGirrbachZir con-
oxidrohlingeceramillzi 31

Yttria partially stabilized zirconia

Berlin, Deutschland

Composite resin material

Filtek Z350XT composite

BisGMA, TEGDMA, zirconium, silica
fillers, camphor quinone

3M ESPE AG Dental prod-
ucts, Seefeld, Germany

Organophosphate monomer(MDP)
dimethacrylate resins(BisGMA etc)

3M Deutschland GmbH
Dental products, Neuss,

Bonding resin Single Bond Universal HEMA,Vitrebond copolymer,filler,ethane Germany
,water,initiators,silane
. Dento Bond porcelain Specially buffered viscous hydrofluoric ITENA Dental products,
Hydrofluoric acid gel Etch acid (8%) Paris, France
METHODOLOGY melted with dental wax heater (Dentist dental

A total of 28 square specimens ¢ were divided
into 4 groups, 7 specimens for each group of metal,
zirconia, veneering porcelain for metal and veneering
porcelain for zirconia (1cm x 1ecm dimensions and 0.5
cm thickness) were prepared as the following:

1. Specimens preparation

a. Metal specimens (M): Seven metal squares
were prepared as the following: blue inlay cast-
ing wax (Crown wax, Bego, Germany) was

3 well analog wax melting dipping pot heater
melter lab equipment, China) and poured into
a square Teflon split mold (Icm x lcm dimen-
sions and 0.5 cm thickness) (Figure 1). After
complete cooling of the wax squares, wax sprue
former were attached using sticky wax, then
wax squares were invested in casting ring and
embedded in a phosphate—bonded investment
(Bella vest SH, Bego, Germany) (Figure 2).
After complete setting of the investment; the
ring was placed in a burn out oven (Dental burn-
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out wax oven, Zhengzhou Kejia Furance Co,
China) to eliminate the wax, the temperature
was gradually increased from room temperature
to 300°C in 30 minutes and raised up to 850°C
for 1 hour. The molds were casted with melted
Ni-Cr alloy using an induction casting machine
(Ducatron Quattro centrifugal induction casting
machine from Ugin Dentaire, France) according
to manufacturer recommendations. Cast rings
were allowed to cool at room temperature, then
specimens were divested and all sprues were cut
using metal cutting discs. All specimens were
ultrasonically cleaned in distilled water for 15
minutes to remove any investment material
and air dried to be checked microscopically for
any porosity. In order to hold the specimens in
place for testing, they were embedded in auto-
polymerizing acrylic resin in a rubber base mold
(1.5cm x 2cm) so that only one side of the mold
(the testing surface) was exposed. To prevent
the testing surfaces from being covered with
acrylic resin, the testing surfaces of the speci-
mens were covered with gluey tape before pour-
ing resin and the tape was removed after com-
plete polymerization of the acrylic resin (Figure
3). Finally the embedded metal specimens in
acrylic block were shown as in (Figure 4).

Zirconia specimens (Z): Seven square speci-
mens were cut from zirconia blocks using a
low speed saw (MICRACUT 125 Low speed
precision cutting saw, Metlab Corp. USA) with
25% larger dimensions to compensate sintering
shrinkage (each of 1.25cm x 1.25cm dimensions
and 0.75cm thickness). Cut specimens were sin-
tered in a sintering furnace (Kijia dental zirco-
nia sintering furance, Zhengzhou Kejia Furnace
Co., Ltd. China) according to the manufacturer’s
instructions to obtain square specimens (each of
lcm x 1cm dimensions and 0.5cm thickness) and
embedded in acrylic block of 1.5cmx2cm dimen-
sion similar to metal specimens (Figure 5).

Fig. (3) Rubber base mold for acrylic blocks and
specimen covered with gluey type
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Fig. (4) Metal specimens embedded in acrylic blocks

Fig. (5) Zirconia specimens embedded in acrylic blocks

Veneering porcelain for metal specimens
(VPM): Dentin porcelain powder (VMK95 met-
al ceramic) was mixed with distilled water into
a paste to fill a Teflon split mold of lcmxlcm
dimensions and 0.5cm thickness on an aluminum
foil strip. Afterwards, the specimens were fused
in a porcelain oven (Programat p300/g2 porce-
lain oven, Ivoclarvivadent Inc. USA ) according
to manufacturer’s instructions, while more por-
celain paste was added to compensate for the fu-
sion shrinkage. The process is repeated until the
desired dimensions of the seven specimens were
reached (lcmxlcmx0.5cm). These specimens
were further embedded in similar acrylic resin
blocks of 1.5cmx2cm dimensions (Figure 6).

Veneering porcelain for zirconia (VPZ):
Dentin porcelain powder (Base dentine vita
VM.9) was mixed with distilled water into a

paste to fill a Teflon split mold of 1cmxlcm di-
mensions and 0.5cm thickness on aluminum foil
strip. Afterwards, the specimens were fused in
a porcelain oven according to manufacturer’s
instructions, while more porcelain paste was
added to compensate for the fusion shrinkage.
The process is repeated until the desired di-
mensions of the seven specimens were reached
(Icmx1cmx0.5¢m), which were further embed-
ded in similar acrylic blocks of 1.5cmx2cm di-
mensions (Figure 7).

Fig. (6) Porcelain specimens for metal veneering embedded

in acrylic blocks

Fig. (7) Porcelain specimens for zircontia veneering embedded

in acrylic blocks

2. Specimens surface treatment

a.

Metal and zirconia specimens were sandblasted
using an intraoral prophy jet unit (Air prophy
unit, Guangzhou, Guangdong. China) (Figure
8) with 50pm aluminum oxide particles at an
air pressure of 2 bar from 10 mm distance for
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20 sec perpendicular (angle 90°) to the surface.
Then the specimens were air-splitted softly to
remove excessive sandblasting powder.

b. Veneering porcelain for metal and veneering
porcelain for zirconia specimens were etched
with hydrofluoric acid gel 8% using a small
brush for 60 seconds. The etched surface was
thoroughly rinsed with water to be dried after-
wards to completely remove the etchant, finally
giving a frosty white appearance.

Fig. (8) Intraoral Profijet unit

3. Adhesive and composite repair material

Single bond universal adhesive was applied ac-
cording to the manufacturer’s instructions using a
small brush to exposed surface of all the specimens,
and was rubbed in for 20 sec. Afterwards, a gentle
stream of air was directed over the liquid for about
Ssec until the solvent completely evaporated. The
bond was then hardened with a LED curing light
device (LiteQ LD-107, Monitex,Tayiwan) for 10
sec. To insure complete bonding of composite repair
material to the exposed surface of the specimens,
composite material approximately was built up in-
crementally (1.5mm for each layer) over the cen-
ter of the exposed surface of the specimens using a
custom made cylindrical Teflon mold (3mm height
and Smm diameter) (Figure 9). Composite repair
material was cured for 20 sec at adistance of 1mm

for each increment and after the cylindrical Teflon
mold was removed, additional 20 sec visible light
was applied. As a result, 4 groups were fabricated

as shown in (Figure 10).

Fig. (9) Cylinderical Teflon mold for composite repair material
build up
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Fig. (10) a) Composite repair material discs bonded to metal
specimens (M group). b) Composite repair material
discs bonded to zirconia specimens (Z group). c)
Composite repair material bonded to VPM (VPM
group). d) Composite repair material bonded to VPZ
(VPZ group).
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4. Storage, thermocycling

All samples were stored in 37°C distilled water
for 7 days ®? for complete polymerization of the
resin composite material followed by 1000 ther-
mocycles at (5 and 55°C, with a 30 second dwell
time) using a custom made thermocycling machine
(Figure 11).

Fig. (11) Thermocycling machine

5. Shear bond strength test

Shear bond strength (SBS) was determined with
acomputerized universal testing machine (TIRA test
2805, Tira GmbH, FEisfelderStrabe 23/25 D-9528,
Schalkau, Germany) (Figure 12). The samples were
fixed by jig and a chisel tip was used to direct a par-
allel shearing force as close as possible to the resin/
substrate interface with a cross head speed 0.5cm/
min (Figure 13). The maximum load was obtained
in Newten when the composite resin cylinder was
separated from the specimen surface, until debond-
ing. The SBS was expressed in Mega pascals (Mpa)
as shown in the following formula (SBS=F/ where F
is a load force at fracture in Newtens and r is the ra-
dius of the resin composite cylinders in meters and.
All data were collected and tabulated.

Fig. (12) Universal testing machine

Fig. (13) Shear sample mounted on the universal testing
machine for shear bond test using chisel edge blade

Statistical analysis

Results of shear bond strength test were tabulated
and statistically analyzed using analysis of variance
test (two way ANOVA) at a 95% confidence level.
Analysis of variance two way ANOVA) was used
for comparison of means of more than two groups.
Each two groups were compared with Student t-test.
Lowest significant difference (LSD) statistical test
was used to determine the significant difference be-

tween the tested groups.
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RESULTS

Shear bond strength of composite repair material
to metal group (M group) versus that to veneering
porcelain for metal group (VPM group):

The mean shear bond strength of metal “M
group” was (16.33+2.47 MPa) and that of veneering
porcelain for metal “VPM group” was (12.12+1.07
MPa). The results showed a statistically significant
difference between the two groups (p=0.001) as
shown in Table (1) and Figure (14).

Table (1): Mean and (SD) values in MPa of shear
bond strength in metal (M) group and veneering
porcelain for metal (VPM) group .

Veneering porcelain
Items Metal group for metal group p-value
Mean £ SD | 16.33+2.47 12.12+1.07 p=.001%*

*p=<0.05 indicate significant difference

18
16
14

16.33

12;12

12

o N M O

Metal

Veneering porcelain for metal

Fig. (14) Means and (SD) values in MPa of shear bond strength
of the metal (M) group and the veneering porcelain for
metal (VPM) group.

Shear bond strength of composite repair material
to zirconia group (Z group) versus that to veneer-
ing porcelain for zirconia group (VPZ group):

Mean shear bond strength of zirconia group was
(14.41+1.99 MPa) while that of veneering porcelain

for zirconia group was (10.41+1.1 MPa) as shown
in Table (2) and Figure (15). The results revealed
statically significant difference between the mean
SBS of zirconia group and zirconia-veneering por-
celain (p<0.05).

Table (2): Mean and (SD) values in MPa of shear
bond strength of the zirconia (Z) group and the

veneering porcelain for zirconia (VPZ) group.

Zirconia | Veneering porcelain
Items . i p-value
group for Zirconia group
+
M‘;‘B‘ 14.41+1.99 10.411.14 p=.001*

*»<0.05 indicate significant difference

16 14.41
14
12 1041
10

8

6

4

2

0

Zirconium Veneering porcelain for
Zirconium

Fig. (15) Mean and (SD) values in MPa of shear bond strength
of the zirconia (Z) group and the veneering porcelain
for zirconium (VPZ) group.

Shear bond strength of composite repair material
to metal group (M group) versus that to zirconia
group (Z group):

Mean shear bond strength of metal group was
(16.33+2.47 MPa) and of zirconia group was
(14.41£1.99 MPa). The results showed insignifi-
cant differences (p>0.05) between the two groups
as shown in Table (3) and Figure (16).
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Table (3): Means and (SD) values of shear bond
strength in MPa of the metal (M) group and the
zirconia (Z) groups.

Items Metal group | Zirconia group p-value

Mean + SD | 16.33+2.47 14.41+1.99 p=.136*

*p>0.05 indicate insignificant difference

17

16.33
16

15

14.41
14

13

12

11

10

Metal Zirconium

Fig. (16) Mean and (SD) values in MPa of shear bond strength
of the metal (M) group and the zirconia (Z) group.

Shear bond strength of composite repair material
to veneering porcelain for metal group (VPM
group) versus that to veneering porcelain for
zirconia group (VPZ group):

Mean shear bond strength of veneering porce-
lain for metal group was (12.12+1.07 MPa) and
that of veneering porcelain for zirconia group was
(10.41£1.14 MPa). The results showed statisti-
cally significant difference between the two groups
(p<0.05) as shown in Table (4) and Figure (17).

Table (4): Means and (SD) values of shear bond
strength in MPa of the veneering porcelain for
metal (VPM) group and the veneering porcelain for
zirconium (VPZ) group.

Veneering por- Veneering
Items celain for metal | porcelain for p-value
group Zirconium group
Mean £ SD 12.12+1.07 10.41+1.14 |p=.014%*

*p<0.05 indicate significant difference

13

12|12
12

i | T

1041

10

Veneering porcelain for metal Veneering porcelain for Zirconium

Fig. (17) Means and (SD) values in MPa of shear bond strength
of veneering porcelain for metal (VPM) and veneering
porcelain for zirconia (VPZ) group.

DISCUSSION

Sandblasting for metal and zirconium groups:

Metal and zirconia specimens received chair side
airborne particle abrasion with 50y m aluminum ox-
ide (A1,0,) particles at 2 bar pressure using an intra-
oral air abrasion device for 20 sec from a distance of
10mm perpendicularly to the surface in agreement
with previous studies ?. Metal (Nickel Chromium
alloy) sandblasting with Al O, particles can form a
passive film made of oxides that bond to reactive
groups contains bonding agent. Also performed to
mechanically clean the surface and increasing sur-
face energy and the activity of the surfaces'V. As
zirconia is resistant to traditional acid etching treat-
ments due to its silica and glass-free polycrystalline
structure. The current study use sandblasting to in-
crease surface roughness and also allow formation
zirconium oxide layer to improve resin-zirconia
bond strength by a chemical bond with phosphate
ester group of MDP containing bond “?. The effi-
cacy of sandblasting depend on various factors like
the size of particles, air pressure, distance, angle and
duration of procedure"?. The current study selected
50pm as a sample size not only because 50pm par-
ticles are the most commonly used alumina articles
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for sandblasting ¥, but also small particle size of
50pm easily flows out of spray tip with greater num-
ber of particles than coarse powder of 110um, con-
sequently a greater number of particles are left on
the surface of the tested materials producing more
abrasive than coarse powder.'” Sandblasting with
110pm and 250 m aluminia Al,O, has the potential
to remove significant amounts of substances and
could affect the clinical adaptation of the prosthe-
ses!9. Air abrasion pressure selected at 2 bars as it
causes insignificant damage to the surface. Also be-
cause impact particles at high speed creates residual
compressive stresses damages some superficial ar-
eas"”. In contrast Moon et al 2016 ® recommended
sandblasting with 50gm aluminum particles under
4 bar pressure achieve a maximum bond strength
to resin cement. Angle and distance between the
nozzle and the surface was selected at 10mm and
90° angle at this study because this provide suffi-
cient surface roughness in agreement with previous
studies'?.

Duration of sandblasting was selected in this
study for 20sec because sandblasting for a long time
causes sharp margins in surface topography that act
stress points lead to formation and propagations of
cracks that can adversely affect the fracture resis-
tance of restoration®”.

Hydroflouric acid etching for porcelain groups
(VPM group and VPZ group):

Hydrofluoric acid used in this study to dissolve
the crystalline and the glassy phases and produces
a porous irregular surface that increases the sur-
face area and facilitates the penetration of the res-
in into the micro-retentions of the etched ceramic
surfaces®".

Etching of feldspathic porcelain is a dynamic
process depends on substrate constitution, surface
topography, acid concentration and etching time 2.

Increase silica content in ceramic allows more sur-
face roughness especially when Hydrofluoric acid
used for etching as HF reacts selectively with silica
and produce hexafloruosilicate complex which is
responsible for surface roughness and facilitate in-
terlocking of the resin composite *. Concentration
8% HF acid used in this study in agreement with
Alex (2008) ©* that reported that HF concentration
in typical dental applications should be between 4%
to 10% to be safe for intraoral repair. Also at low
concentration (5 and 10%) feldspathic porcelain
surface was preferentially corroded and roughened
for good bonding while at higher concentration
(20% concentration) ,new defects appear on por-
celain surface that adversely affect bond strength
with resin. ?® Regarding the etching time, the pres-
ent study use HF acid at duration 60 sec because
this time provide acceptable ceramic roughness ac-
cording to manufacturer instructions. Also because
etching period above 30 sec effectively enhanced
the bond strength to resin. ® While etching longer
than 60 sec, increases the occurrence of cohesive
failure in ceramic material. ®® Filtek Z350 XT com-
posite nano-hybrid composite were used in the cur-
rent study because its filler content is lesser than the
micro-hybrid composite that make it easily impreg-
nated in the roughened surface result in enhanced
bond strength to different surfaces when air abra-
sion was used as surface treatment®”. The use of
nanocomposite resins allows better nano-bonding
interface between the tooth structure and the restor-
ative material resulting in a more stable and natural
interface®,

Single bond universal adhesive used in the cur-
rent study as it contains the most important compo-
nent, MDP monomer (methacryloxydecyldihydro-
genphosphate) that has been shown to have good
bonding properties to base metal alloys®” and good
bonding to zirconia®”. Aging of dental material

m voL.1 - NO.1
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before testing by immersion in water either with or
without thermocycling is a common protocol for
evaluation of material behavior under clinically
relevant conditions®!'??, Thermocycling at 5°C to
55°C is a procedure performed before temperature
variations during eating, drinking and breathing®?.
Several factors in thermocycling can affect the
bond strength test results such as temperature set-
ting, dwell time and number of cycles. The latter is
the most effective parameters in this respect where
the more thermal cycle numbers lead to decrease
the bond strength value®®. The reason to subjects
specimens in this study for 1000 cycles not only in
agreement with many studies”. But also because
number of cycles selected by manufacturer before
microleakage test for single bond universal adhe-
sive was 850 cycles. The results of the current study
showed that shear bond strength of composite repair
material with base metal group was higher than with
zirconia group and the difference was insignificant.
This situation maybe resulted from MDP content of
single bond universal adhesive that revealed great
chemical bonding properties for base metal alloys
due to increase metal oxides than zirconia”. The re-
sults of this study recorded the bond of composite
repair material was higher with veneering porcelain
for metal (VMK95) than with veneering porcelain
for zirconia (VM9) and the difference was signifi-
cant between two groups. The reason due to the dif-
ferences in the composition and microstructure of
two types of veneering porcelain might affect the
surface texture and bond strength between the ce-
ramics and resin. Vita VMK95 contain in its com-
position more silica (about 68%)©® than Vita VM9
(about 60%) ©7 which dissolved by HF acid leaving
more rough surface where HF acid react selectively
with silica creating a micro retentive surface which
facilitates the interlocking of the resin composite®®.

CONCLUSIONS
Within the limitations of this in vitro study:

Sandblasting and application of single bond
universal adhesive containing MDP can be recom-
mended for repair metal and zirconium surfaces
with composite material. HF acid etching and ap-
plication of single bond universal adhesive contain-
ing MDP can be recommended for repair VPM and
VPZ with composite repair material.
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