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ABSTRACT

Statement of the problem: Fracture or chipping of veneering porcelain in PFM restorations is considered to be a very common 
failure in clinical practice. Many clinicians are using different intra- oral surface preparation techniques and repairing systems. 
However, the success rate is still of concern to be verified as an acceptable treatment modality.  Materials and methods: A total 
of 40 circular porcelain fused to metal specimens with 1 cm in diameter and 4   mm thickness were fabricated using feldspathic 
porcelain (VITA VMK Master, VITA, Germany) and nickel chromium base metal alloy (Wiron Light, BEGO, Germany). All 40 
samples were subjected to 3000 cycles of thermo-cycling before the repair was performed. The specimens were divided into two 
equal groups of 20 samples each according to the repairing system used. (V; one step self-adhesive flowable composite resin, 
Vertise Flow, Kerr) and (F; two steps, Embrace First Coat, Pulpdent) followed by the application of self-adhesive composite 
resin (Vertise Flow). Each group of the two main groups was divided into two equal subgroups of 10 samples each according 
to the surface treatment applied before repair. (D; diamond stone surface roughening) and (H; hydrofluoric acid etching). Half 
of the specimens were subjected to accelerated photo-thermal aging before testing the shear bond strength. Shear bond strength 
was determined using NEXYGEN from Lloyd Instruments at a crosshead speed of 0.5mm/min. Statistical analysis was carried 
out using Kolmogorov-Smirnov and Shapiro-Wilk tests.  Results: No statistically significant differences were found between the 
two repairing systems or between the two surface treatments either before or after accelerated photo- thermal aging. The only 
significant difference was recorded between the two subdivisions where the two steps system was used on etched surfaces before 
and after photo-thermal aging.  Conclusion: The one step direct application of the self adhesive flowable composite resin (Vertise 
Flow) can be used without the incorporation of the additional primer (Embrace First Coat) step as they showed comparable 
results. Diamond stone roughening can be a good alternative to hydrofluoric acid. Clinical recommendations: The one step direct 
application of the self adhesive flowable composite resin (Vertise Flow) can be used effectively without the incorporation of the 
additional primer (Embrace First coat) step. When attempting to use the two steps system of First Coat plus Vertise Flow, it should 
not be used with hydrofluoric acid etching.

INTRODUCTION 

Chipping or fracture of veneering porcelain is 
a common problem that may occur in all types of 
ceramic restoration. Despite that much more efforts 
are subjected to improve the bonding between 
the ceramic and the underlying metal framework 

in porcelain fused to metal restorations (PFM), 
fractures of ceramic may still occur under some 
clinical conditions.  In addition to the costly and 
functional problems it poses for both the patient and 
the dentist, it may also present an esthetic problem 
that need to be treated as soon as possible. Therefore, 
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using a chair side intra-oral repair option may be a 
simple alternative method to the total replacement 
of the restoration and may provide a clinically-
acceptable and reliable immediate solution.

It is a multi-factorial problem that could be related 
to various  causes. Over many years, numerous 
studies have focused on the reasons of metal 
ceramic restoration failure. One of the main causes 
of failure may be due to the differences of modulus 
between ceramic materials and metal. In feldspathic 
porcelain, the leucite crystals imbedded in the glass 
matrix contract more than the surrounding glass 
matrix during cooling of the ceramics. This will 
lead to the development of compressive tangential 
stresses around the leucite particles in addition to 
the cracks around and within the crystals (1-3). 

Other studies have reported that failure of 
metal ceramic restorations is mainly attributed to 
the environmental factors especially moisture. A 
study about metal ceramic restorations in moist 
environment found that, metal ceramic restorations 
are decreased in their strength by 20 to 30%. Another 
study reported that moisture is able to hydrolyze the 
silicate bonds in the glassy matrix of ceramics in 
the presence of mechanical stresses. The porcelain 
restoration usually functions in moisture which 
will allow static fatigue to start the propagation of 
fractures along the microcracks resulting in failure 
of the restoration (4, 5). 

The moisture environment in the oral cavity was 
found to aggravate the strength of dental ceramics. 
In the presence of moisture, the silicon oxygen bond 
between the ceramics and the metal becomes weaker 
(6). The effect of fatigue and water in the oral cavity 
are considered the most important factors in the 
durability of porcelain fused to metal restorations, 
but the effect of other environmental factors such as 
saliva and different types of drinks is still unknown.

The most important reason for ceramic failure 
is crack propagation within the ceramic. In nearly 
all ceramic surfaces, minute scratches are present 

and act as sharp notches whose tips are very narrow 
as the spaces between atoms within the material. 
Therefore, stress concentration at the tips of those 
scratches causes the stress to reach the theoretical 
stress of the porcelain at a relatively lower value 
leading to breakdown of the bond at the notch tip 
and crack propagation (7). 

Long span bridges with underlying metal 
substructure that flexes under heavy or complex 
loading causes porcelain fracture (8). It was also 
reported that other reasons for fracture of ceramic 
restoration may be due to technical mistakes during 
laboratory fabrication of the restoration such as 
improper sandblasting of the metal substrate before 
building up the porcelain or the occasional presence 
of pores inside the ceramics (9). The same results 
were also confirmed that those laboratory mistakes 
will increase the failure of PFM restorations (10). 

Other studies demonstrated the importance of 
microcracks present in the ceramic restorations.

Microcracks could be caused by melting, 
condensation, and sintering process of ceramics on 
the metal framework due to the thermal coefficient 
differences (11) . Other factors such as faulty metal 
framework design, incompatible coefficient of 
thermal expansion between the metal and ceramics, 
excessive ceramic thickness with inadequate metal 
support, technical flaws in the porcelain application 
and occlusal forces or trauma (12). 

On the other hand, mechanical fatigue is 
governed by multiple factors which are related to 
the material properties including microstructure, 
fracture toughness, crack length and applied stresses 
(13). Another study reported that all the efforts 
should be made to minimize the air entrapment 
between ceramic particles to prevent porosity from 
impairing esthetics as well as promoting fracture (14). 
In a finite element analysis, it was reported that the 
presence of void in the ceramics have a significant 
effect on the fracture resistance (15) . Another reason 
for ceramic fracture was related to inadequate tooth 
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preparation, which will eventually result in too little 
interocclusal space for metal substructure and the 
veneering ceramics. It was concluded that improper 
design of the restoration for the occlusion is the 
major cause of failure (16). 

Methodology:

A total of 40 circular porcelain fused to metal 
specimens with 1 cm in diameter and 4 mm 
thickness was fabricated using feldspathic porcelain 
(VITA VMK Master, VITA, Germany) and nickel 
chromium base metal alloy (Wiron Light, BEGO, 
Germany). All 40 samples were subjected to 3000 
cycles of thermo-cycling before the repair was 
performed. The specimens were divided into two 
equal groups of 20 samples each according to the 
repairing system used. (V; one step self- adhesive 
flowable composite resin, Vertise Flow, Kerr) and (F; 
two steps, Embrace First Coat, Pulpdent) followed 
by the application of self-adhesive composite 
resin (Vertise Flow). Each group of the two main 
groups was divided into two equal subgroups of 
10 samples each according to the surface treatment 
applied before repair. (D; diamond stone surface 
roughening) and (H; hydrofluoric acid etching). 
Half of the specimens were subjected to accelerated 
photo-thermal aging before testing the shear bond 
strength.

A custom made stainless steel mould was 
fabricated to produce 40 wax patterns. The mould 
was circular in shape with 1.0 cm diameter and 
varying internal depths.  Half of the mould is 0.2cm 
in depth, and the other half is 0.4 cm in depth 
(Figure 1). The patterns were sprayed with a surface 
tension reducing agent then invested in gypsum 
free phosphate bonded investment material and the 
metal discs were obtained by lost wax technique.

The samples were treated according to the 
manufacturer’s recommendation for building up of 
the conventional feldspathic porcelain. The discs 
were sandblasted with aluminum oxide particle  
50 μm in size with a 3-4 bar pressure on both halves 

of the discs (Figure 2). The discs were cleaned by 
water and washed thoroughly. The porcelain was 
added to the thinner half of the samples while the 
samples are placed in a specially made stainless 
steel holder that is encircling the disk and allowing 
the porcelain to be added and condensed accurately 
while preserving the circumference of the sample 
and insuring that the added porcelain is 2 mm in 
thickness in all the tested specimens (Figure 3).

All 40 samples were subjected to thermo-cycling 
before the repair was performed. In this study, the 
number of cycles used was 3000 cycles. Dwell 
times were 25 s. in each water bath with a lag time 
10 s. The low-temperature point was 5˚C. The high-
temperature point was 55˚C.

In groups VD and FD, the surfaces of the 
porcelain and the metal to be repaired were 
roughened with a diamond stone (TR.11) 
accompanied with a water coolant to avoid crack 
formation within the porcelain. For VH and FH 
groups; where the surfaces of the porcelain and 
metal to be repaired are subjected to acid etching 
by hydrofluoric acid; the acid gel was applied for 
one minute as recommended by the manufacturer 
and the surface was rinsed with a copious amount 
of water and dried with clean uncontaminated air.

Each of the repair materials to be tested was 
applied to the junction between porcelain and 

FIG (1) Diagram showing the custom made mould.
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metal surfaces using a custom made stainless steel 
ring that allows the repair resin to be placed in a 
circular pattern with 5mm diameter and 2mm height 
exactly on the center of the disc (Figure 4). Half of 
the repairing resin is placed on the porcelain with a 
hemi-circular pattern of 2.5mm radius, and the other 
2.5mm hemi-circular pattern is placed on metal.

For the groups repaired with the one step self 
adhesive flowable composite (Vertise Flow) only (V 
groups), the material was directly applied in layers 
as instructed by the manufacturer. After treating 
the surface with diamond stone or acid etching, 
the surface was rinsed for 10 seconds and dried 
for 5 seconds. Vertise Flow was dispensed onto 

the preparation and brushed to the bonding surface 
with moderate pressure for 15-20 seconds and light 
cured for 20 seconds to obtain a first thin layer 
(<0.5mm) of resin. The material was then applied 
in increments over the first layer in a custom made 
mould till it reaches the thickness of 2mm (Figure 
5). Each increment was light cured for 20 seconds. 
For F groups, After roughening of the surfaces with 
HF acid or diamond stone, a thin layer of Embrace 
First-Coat is applied over the rinsed and dried 
surfaces with a flocked applicator tip. The First Coat 
layer was light cured using a LED curing light* for 
20 seconds. The Vertise Flow composite resin was 
then applied following the same manufacturer’s 
instructions mentioned before.

FIG (2) Sandblasted specimen.

FIG (4) PFM specimen.

FIG (3) Diagram of the mould for porcelain build up.

FIG (5) Mould for composite application.
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20 discs of the four different subgroups (VDA, 
VHA, FDA, FHA) were mounted on a stainless-steel 
plate with the repaired surfaces exposed to QUV 
accelerated aging chamber exposing them to UV 
light action, heat and humidity. The test conditions 
were alternating cycles of light and humidity at 
relatively elevated temperature. A cycle of 4 hours 
under UV light at 50 °C followed by a 4 hours cycle 
of condensing humidity at 50 °C until a total of 300 
hours was achieved.

Effect of repair system

When comparing the two repairing systems 
together, whether the surface of the samples was 
pretreated with diamond stone or acid etching 
in normal and aged specimens; there was no 
statistically significant difference between shear 
bond strength values of the two repair systems. 

Effect of surface treatment

When comparing surface treatment by diamond 
stone roughening to hydrofluoric acid etching 
with each repairing system in normal and aged 
specimens; there was no statistically significant 
difference between shear bond strength values of 
the two surface treatments.

TABLE (1) Descriptive statistics of shear bond strength values (MPa)

Repair system Surface 
treatment Aging Mean SD Median Minimum Maximum

95% CI

Lower 
bound

Upper 
bound

Vertise
Flow

Diamond
Stone

Normal 6.3 2.4 5.1 4.2 9.9 3.4 9.3

Aged 4.9 1.4 4.9 2.7 6.7 3.1 6.7

HF Acid
Normal 7.1 2.0 7.1 4.6 10.1 4.7 9.6

Aged 5.3 1.4 4.5 4.3 7.5 3.6 7.1

Vertise Flow + 
First Coat

Diamond
Stone

Normal 5.5 1.1 5.1 4.2 6.8 4.1 6.9

Aged 3.1 2.9 1.6 0.7 7.3 0.5 6.7

HF Acid
Normal 8.4 3.3 7.5 4.9 13.6 4.3 12.5

Aged 4.8 1.8 4.7 2.9 6.7 2.6 7.0

Shear bond strength was determined using 
NEXYGEN from Lloyd Instruments at a crosshead 
speed of 0.5mm/min. Statistical analysis was carried 
out using Kolmogorov-Smirnov and Shapiro- Wilk 
tests.

RESULTS

The descriptive analysis revealed a variability in 
the shear bond strength values (MPa) (Table 1).

Effect of aging

When comparing the samples repaired with 
Vertsie Flow whether treated with diamond stone 
or acid etching; there was no statistically significant 
difference between mean shear bond strength 
values of normal and aged specimens. Similarly 
using Vertise Flow + First Coat repair system with 
samples treated by diamond stone; there was no 
statistically significant difference between mean 
shear bond strength values of normal and aged 
specimens. While using Vertise Flow + First Coat 
repair system with samples treated by hydrofluoric 
acid etching; normal specimens showed statistically 
significantly higher mean shear bond strength than 
aged specimens.
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DISCUSSION

Replacement of a failed restoration is not 
necessarily the most practical solution because of the 
obviously substantial costs and the complex nature 
of the restoration (17). Besides some economic and 
technical reasons, it was reported that the cracks or 
crazing in the fractured area might become a haven 
for micro-organisms and plaque accompanied 
by staining (18) . On the basis of previous studies, 
a consensus was reached that the repeated firing 
cycles cause distortion of the ceramic restorations. 
Deformation or most of the distortion was found 
to occur especially during the initial oxidation of 
the alloys but small changes from 30 to 99.6 µm 
were also examined at the margins of the restoration 
during the subsequent heating and ceramic 
applications (19, 20). 

All 40 samples were subjected to thermo-cycling 
before the repair was performed to simulate the 
effect of oral environment on the porcelain and 
metal surfaces. Laboratory simulations of clinical 
service are often performed because clinical trials 
are costly and time consuming. Long-term water 
storage and thermo-cycling are accepted methods 
for the simulation of such aging and stressing 
conditions. Even though direct clinical correlations 
and conclusions cannot be drawn from these aging 
methods, their significant effects on the bonding 
interface have been demonstrated in different 
studies (21, 22). 

It is well documented that roughening of the 
fractured surface of the metal-ceramic restoration 
is one of the important factors that contribute to 
an effective and durable bonding between resin 
composite and silica-based ceramics. (23- 26) This is 
because the increased roughness of ceramic surface 
improves the mechanical interaction of the resin 
cement to the ceramic surfaces and also increases 
the total surface energy of the ceramic surface, thus, 
its wettability (27, 28) . Similarly, the roughening of 
metal alloy surface can also contribute to the bond 

strength of composites to metal substrate. Several 
studies found that roughening of a metal alloy 
surface resulted in a significant increase in bond 
strength of composite-to base metal alloy (27, 29). 

Vertise Flow is a new self-adhering flowable 
composite resin that has some differences in its 
inorganic composition. According to its Technical 
Bulletin, Vertise Flow contains 1 µm barium glass 
filler, prepolymerized filler, nano-sized colloidal 
silica and nanosized ytterbium fluoride. These 
inorganic fillers represent 70 wt.% of its total weight 
(30, 31). In their study, Czasch and Ilie (30) compared the 
mechanical properties of self-adhering composite 
resin with those of four novel flowable composites 
and reported that self-adhering flowable composite 
resin presented best micromechanical properties 
among the tested flowable composites. Also, it 
has been reported that Vertise Flow self- adhering 
flowable composite resin exhibited the highest 
modulus and hardness among the tested flowable 
composite resins which present similar stiffness to 
that of non-flowable composite resin tested (31). With 
regarding to these favorable mechanical properties, 
the use of this self-adhering flowable composite 
resin as a repair system was selected in this study.

The functional monomer of the self-adhering, 
flowable composite material used is glycerol 
phosphate dimethacrylate (GPDM), which is also 
used in the three-step total-etch adhesive OptiBond 
FL (Kerr Corp.), which has been reported in both 
laboratory and clinical research to be a well- 
performing adhesive among the currently using 
adhesive systems (32, 33). The acidic phosphate group 
of the material is capable of etching and providing 
chemical adhesion to the calcium ions of tooth 
tissue, as well as to a variety of surfaces including 
silica-based ceramics (34). 

The adhesive primer (Embrace First-Coat) 
is a single component, unfilled resin that contains 
no solvent and is designed to penetrate and bond 
chemically and mechanically to etched or abraded 
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surfaces. It is light cured and compatible with all 
composites. First-Coat eliminates the use of metal 
primers, silanes and bonding agents on ceramic and 
metal surfaces. The First Coat is a unique primer 
that acts as silane coupling agents enhancing the 
bond of any composite resin to any restoration, 
metal or porcelain surfaces (35, 36). 

The hypothesis of this study was partially 
accepted. In comparing the shear bond strength 
values between the two systems used in this study in 
the subgroups that were not subjected to accelerated 
photo thermal aging, no significant difference was 
found between the two repairing systems regardless 
the surfaces were treated with diamond stone or 
hydrofluoric acid.

When evaluating the effect of the two surface 
treatments used in this study, no significant 
differences were found between subgroups either 
before or after accelerated photo thermal aging. 
These results are in disagreement with the results 
of the previous studies reported that acid etching 
with 9.5% hydrofluoric acid provided significantly 
higher bonds in comparison with the other treatment 
methods and concentrations. (37-41) Other studies 
in contrast agree with our study and consider 
hydrofluoric acid etching inadequate from the 
clinical point of view as it did not show significantly 
higher shear bond strength to metal or ceramics (42, 

43). However, due to the hazardous effect of this acid 
gel for both patient and operator(4,  44), it must be used 
very carefully during the repair of ceramic surfaces.

In addition, to evaluate the effect of the oral 
environment on both the surface treatment method 
and the repairing system used, half of the specimens 
were subjected to accelerated photo-thermal aging 
after the repair procedure was performed. The 
use of accelerated photo-thermal aging process 
has increased in dental researches recently (45, 46). 
This process simulates the effects of long-term 
exposure to environmental conditions through 
an accelerated weathering process that involves 

ultraviolet light exposure, temperature and humidity  
changes.(47) Besides, previous studies have shown 
the effect of accelerated aging on the physical and 
mechanical properties of the liner materials(48,49). 
The manufacturer of the weathering machine 
estimates that 300 hours of aging is equivalent to 
1 year of clinical service intra-orally (45, 50). When 
the specimens were subjected to artificial photo-
thermal aging, the differences between the two 
repairing systems were considered statistically 
insignificant, either when tested following acid 
etching or roughening with diamond stone.

The only significant difference after accelerated 
photo thermal aging was recorded between the two 
subgroups where the two steps system was used 
on etched surfaces before and after photo thermal 
aging. It was assumed that the lower bond strength 
of the two steps system after accelerated photo 
thermal aging when the surface was pretreated 
with hydrofluoric acid is related to the primer 
adhesive layer (Embrace First Coat), because 
hydrolytic instability of the primer adhesive results 
in degradation and water sorption (51, 52) .  Therefore,  
mechanical  bonding is  more effective than the use 
of  only chemical bonding(53, 54). This in turn favors 
the resistance of the intimate contact between the 
self adhesive flowable composite (Vertise Flow) and 
the repaired metal- ceramic surface to accelerated 
photo thermal aging when the surface is pretreated 
with HF acid.

SEM evaluation were performed to the 
specimens subjected to accelerated photo thermal 
aging to compare the mode of failure between the 
two repairing systems and to evaluate the effect 
of the two surface treatment methods used on the 
metal-ceramic surface.  The mode of failure was 
revealed predominantly adhesive in all specimens. 
The SEM evaluation for the surface roughness 
of the two surface treatment methods used is in 
accordance with the previous studies showed that 
hydrofluoric acid produced the most distinct pore 
and groove formation on the ceramic surfaces when 
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compared to diamond stone roughening(14,44,55,56). 
These specimens exhibited considerably more 
irregularities, with deeper valleys and higher 
peaks. In the SEM analysis of these subgroups, 
a microporous structure with numerous micro-
porosities and grooves on the surface can be seen.

However, the more distinct pores and grooves 
produced by hydrofluoric acid etching did not help in 
promoting the stability of the bond strength against 
accelerated photo thermal aging when compared 
to the less micro-porosities produced by diamond 
stone roughening. Therefore, we can assume that 
high roughness values for ceramic surfaces do 
not always mean that good bond strength will be 
obtained, and the geometric characteristics of the 
surface rather than the surface roughness should be 
one of the most important factors (57). 

CONCLUSION

Within the limitations of the current study the 
following conclusions were drawn:

1.   The one step direct application of the self-
adhesive flowable composite resin (Vertise 
Flow) can be used without the incorporation of 
the additional primer (Embrace First Coat) step 
as they showed comparable results.

2.   Diamond stone roughening can be a good 
alternative to hydrofluoric acid because of 
the hazardous effect and the manipulation 
procedures of HF acid etching inside the oral 
cavity.

3.   The decrease in bond strength after accelerated 
photo-thermal aging was noted in all subgroups, 

FIG (6) SEM images of the metal and feldspathic veneering ceramic after accelerated photo-thermal aging. (A) Metal pretreated 
with diamond stone (x2000); (B) Porcelain pretreated with HF (x2000); (C) Metal pretreated with diamond stone (x2000); 
(D) Porcelain pretreated with HF (x2000).
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but it was significant only between the two 
subgroups where the two steps system was used 
on HF acid etched surfaces before and after 
photo thermal aging.

Clinical recommendations:

Within the limitations of this study, the following 
recommendations can be made:

1.	 The one step direct application of the self-
adhesive flowable composite resin (Vertise 
Flow) can be used effectively without the 
incorporation of the additional primer (Embrace 
First coat) step.

2.	 When attempting to use the two steps system of 
the primer (Embrace First Coat) plus the self-
adhesive flowable composite (Vertise Flow), 
it should not be used with hydrofluoric acid 
etching and its application should be restricted 
to diamond stone surface roughening.
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