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ABSTRACT

Background and Obijectives: Porcelain restorations are often ground for recontouring and
occlusal adjustments. This removes the surface glaze layer and causes flaws that can grow in wet
environments due to stress corrosion cracking and decrease the strength of porcelain and
subsequently the longevity and clinical service of restoration. The aim of this study was to assess
the effect of flaw size and surface treatments on biaxial flexural strength of feldspathic porcelain.

Materials and Methods: Eighty feldspathic porcelain discs were fabricated, polished (P2000) and
divided into two series (n=40) each with four subgroups (n=10); three subgroups in each series

*Corresponding author: E-mail: narges_ameri@yahoo.com;
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two-way ANOVA and Tukey’s HSD test.

subgroups in A series (P<0.05).

were centrally indented by means of a Vickers hardness tester under a load of either 9.8 N (A
series) or 29.4 N (B series) and were then subjected to no surface treatment (subgroups 2 and 6),
polishing (subgroups 3 and 7) or polishing plus silane plus resin (subgroups 4 and 8). Ten
specimens in each series were not indented as controls (subgroups 1 and 5). Biaxial flexural
strength of the discs was tested after water storage for 48 hours and the data were analyzed by

Results: Both control subgroups revealed significantly higher strength than other subgroups
(P<0.05) but there was no significant difference among other subgroups (P>0.05). The mean
flexural strength of indented subgroups in B series was significantly lower than that in the same

Conclusion: Presence and size of flaws affect the flexural strength of porcelain. Within the
limitations of this study, none of the surface treatments could strengthen the cracked ceramic.

Keywords: Feldspathic porcelain; flaws; polish; silane; resin; biaxial flexural strength.

1. INTRODUCTION

Dental ceramic restorations are extensively used
due to their favorable esthetics, durability and
excellent biocompatibility. However, ceramics are
brittle and prone to premature failure, especially
in wet environments and under cyclic loading [1].
Most failures originate from flaws in the surface
or subsurface of ceramics [2]. Due to the fragility
of ceramics, a critical size flaw can initiate
fracture [3]. According to Thompson et al. [4]
fracture strength of dental ceramics is
determined by flaw distribution in their structure.

Although occlusal adjustment of porcelain
restorations with diamond bur and high speed
hand piece may be necessary for accurate
occlusal and marginal fit, such procedures may
traumatize the ceramic surface and subsurface
and cause flaws, which can decrease the
fracture strength and result in clinical failure of
restoration [1]. Due to high brittleness of ceramic
restorations, occlusal adjustment cannot be done
before cementation. Thus, intraoral occlusal
adjustment and polishing of ceramic surface are
often required [5,6]. It has been confirmed that
ceramic restoration fractures are often due to the
presence of surface flaws [7,1]. The surface
roughness and critical flaw size of ceramic
surfaces have a direct correlation with ceramic
strength. Such a correlation indicates that
reduction in the size of surface flaws and surface
roughness may increase the flexural strength [5].

In contrast to glazing, chair-side polishing of
ceramic restorations after cementation is easy to
perform and time-saving for both patients and
clinicians [2,8,9,10]. However, controversy exists
on the effects of surface treatments on the
strength of ceramics. Some studies found no
difference in flexural and fracture strength of

glazed and polished ceramics [2,8,10,11,12,13],
while some others showed that polished
porcelain had higher fracture strength than
glazed porcelain [3,12,13,14]. Several chair-side
polishing techniques have been evaluated as
possible alternatives to glazing especially in
terms of causing enamel wear in the opposing
teeth [9,6,14,15,16,15].

Ceramic strength decreases in wet
environments. This is mainly because of the
chemical reaction of water with porcelain at the
crack initiation point, which leads to crack
propagation. O’Brien [16] reported 30% reduction
in strength of broken ceramic in water; some
others focused on the effect of stress corrosion
cracking on the clinical service of ceramic
restorations [17]. Thus, since silane s
hydrophobic, it may prevent stress corrosion
cracking by preventing the penetration of water
molecules into the crack initiation point [18].
Resin can also increase the ceramic strength.
Several studies have confirmed the efficacy of
resin cements for increasing the flexural strength
of ceramics [19,20]. Several mechanisms have
been described for ceramic strengthening by
resin application including crack closure by
applying crack closure stresses, full or partial
healing of superficial cracks, benefitting from the
Poisson constraint effects and minimizing water
content at the ceramic/bonding agent interface
[4,19,20]. Resin can enhance the strength of
ceramic crowns when used for cementation.
However, a dominant mechanism to improve the
strength of resin-bonded crowns has yet to be
found.

In previous studies, the effect of resin was mainly
assessed when it was used as resin cement on
the internal surface of ceramic restorations
[19,21-23] to control internal surface flaws.
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Studies on methods to limit external surface
cracks caused by occlusal adjustment have only
focused on the efficacy of polishing and re-
heating for this purpose [21,24,25]. Moreover,
studies on the efficacy of silane for limiting crack
expansion due to its hydrophobic nature are
scarce [20,26].

Thus, this study sought to assess the effect of
polishing alone or followed by applying low
viscosity resin on flexural strength of feldspathic
porcelain with controlled flaws. The null
hypothesis was that polishing alone or in
combination with resin coating would not cause a
significant change in flexural strength of indented
ceramics.

2. MATERIALS AND METHODS

Eighty disc-shaped specimens measuring 1412
mm in diameter and 1.2+0.2 mm in thickness
measured with a digital caliper (Mitutoyo
Manufacturing Company Ltd.,) were fabricated of
feldspathic porcelain (Vita VMK68, VITA
Zahnfabrik, Bad Sackingen, Germany). The
ceramic powder (A2 shade, LOT1553: Vita, Bad
Séckingen, Germany) and the modeling liquid
(Vita modeling fluid, Vita, Bad Sé&ckingen,
Germany) were mixed and transferred (under
vibration) to a metal ring mold (16.0 mm in
diameter and 1.5 mm in thickness) 12% larger
than the desired final specimens to compensate
for ceramic contraction. The mixture was
condensed and the excess liquid was removed
with absorbent paper. The discs were sintered in
a vacuum furnace (Vita Vacumat 200, Vita, Bad
Séckingen, Germany) and the firing cycles were
adjusted according to the manufacturer's
instructions. After air cooling, the discs were
polished with SiC 120, 400, 600, 800 and 1200
grit abrasive discs (Struers), under coolant, at
300 rpm.

The specimens were randomly divided into eight
subgroups of 10 (subgroups 1 to 8). Subgroups
1, 2, 3 and 4 belonged to A series and subgroups
5, 6, 7 and 8 belonged to B series. Specimens in
subgroups 1 and 5 were considered as negative
controls. The polished surfaces of the remaining
60 specimens (the remaining 6 subgroups) were
centrally indented by a Vickers hardness tester
(Nexsus, 4000/60, INNOVATEST, Netherlands,
Europe) under a load of either 9.8 N for A series
specimens (subgroups 2, 3 and 4) or 29.4 N for
B series specimens (subgroups 6, 7 and 8) for 15
seconds (Fig. 1). The indenter-induced cracks
were inspected to ensure equivalent dominant

flaws in all specimens of the same subgroup.
The indenter-induced cracks were stabilized in
air for one hour.

10'N = 100X

-~

30 N - 100X

Fig. 1. Indents caused by 10 N(a) and 30 N(b)
indentation loads on the ceramic surface

As seen in Fig. 1, by increasing the indentation
load, the size of the indent and length of crack
increased.

After the stabilization process, one subgroup of
each series served as the positive control (2 and
6) and the remaining indented subgroups (3, 4, 7
and 8) were wet polished with silicon carbide
abrasive papers (P2000) on a grinding and
polishing machine (IMPTECH 10V grinder-
polisher, Iran) at 150 rpm for 120 seconds
(subgroups 3 and 7 represented the polished
groups) [27-29].

After polishing the indented surfaces of the
specimens in subgroups 4 and 8, they were
coated with a thin layer of Bis-Silane ceramic
primer (Bis-Silane, Bisco, Schaumburg, USA)
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and allowed to air dry (30 seconds of dwelling)
and then the surface was coated with a thin layer
of low viscosity resin (Biscover LV liquid polish,
Bisco, Schaumburg, USA) and light cured for 30
seconds using a LED light curing unit (VALO,
Ultradent, Products, South Jordan, UT, USA)
with a light intensity of 500 mW/cm?, at close
range (0-2 mm).

All specimens were immersed in distilled water
and incubated at 37+1°C for 48 hours (Kavosh
Mega, Tehran, Iran). Then, the specimens were
air-dried.

Biaxial flexural strength test was then performed.
Each disc was supported by 3 steel balls (1.5
mm in diameter, positioned 120° apart, 10 mm
support circle) and the center of the top surface
was loaded with a 1.0 mm diameter flat punch.
The specimens were loaded with a servo
hydraulic load frame (Model 5565; Instron)
equipped with a 1-kN load cell at a crosshead
speed of 0.5 mm/min. The biaxial flexural
strength (MPa) was calculated based on the load
(N) at failure using the ISO 6872 equation:

S = -0.2387P(X-Y)/d2 [ISQ 6872:2015] (1)

Where S is the maximum stress in MPa, P is the
total load causing fracture in Newton, and d is
the disk thickness at fracture origin in millimeters.
X and Y were determined as follows:

X= (1+0)In(r2/r3)2+[(1-)/2](r2/r3)2 )
Y= (140)[1+In(r1/r3)2]+(1-v) (r1/r3)2 (3)

Where, u is the Poisson’s ratio (=0.2521); r1 is
the radius of support circle in mm (5.6), r2 is the
radius of loaded area in mm (0.625); r3 is the
radius of specimen in mm and d is the disk
thickness at fracture origin in mm measured by a
screw-gauge caliper (Mitutoyo, Kawasaki-shi,
Japan) with an accuracy of 10 um.

Flexural strength was recorded, three randomly
selected specimens in each subgroup were gold
coated and evaluated under a scanning electron
microscope (SEM, S-4800; Hitachi Ltd., Tokyo,
Japan) with 15 kV (Figs. 2-5) for inspection of the
cracked surface.

T-test was used to compare non-indented control
subgroups. Two-way ANOVA was applied to
assess the effect of two independent variables of
indentation load and indentation/treatment. The
interaction effect of the two was not significant.
Thus, no further Univariate analysis was
performed. Tukey’s post hoc test was applied for

pairwise comparison of different combinations of
indentation/treatment.

ppTY
2ry—

S
b.

Fig. 2. SEM micrograph (a) and schematic
view (b) of hackle region

Arrow in Fig. 2 shows crack initiation point.
Dotted lines differentiate the estimated outlines
of the cracked surface regions (1) Smooth mirror
region (2) Mist region (3) Hackle region.

Fig. 3. Fracture surface of a negative control
specimen (subgroup 1). Hackle crack lines
are marked
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Fig. 4. The encircled area shows density of
crack lines initiating from the crack initiation
site (number 1). Number 2 shows lines
perpendicular to the path of crack
propagation (Wallner lines). Some voids in
the ceramic mass can be seen (number 3)

SEM MIAG: SO0 X

Fig. 5. An internal ceramic defect can be seen
3. RESULTS

Analysis of the data by two-way ANOVA
revealed no significant interaction effect of the
two independent variables namely polishing and
resin coating (P=0.376).

Fig. 6 shows changes after completion of
polishing and resin coating of ceramic surface.
As seen in Fig. 6, it appears that crack length
decreased after polishing. No sign of crack can
be seen after coating the surface with resin.

In the current study, resin was separated from
the surface of some specimens during their
immersion in water and also during flexural
strength testing (Fig. 7).

Short polishing time can be another possible
factor explaining the insignificant effect of
polishing on the strength of indented ceramics in
this study. As seen, length of cracks decreased
by an increase in polishing time (Fig. 8a-d).

Crack- 312.5 X

Resin - 312.5 X

C.

Fig. 6. Comparison of indented ceramics (a)
with no surface treatment (b) after being
polished (c) and after resin application
(estimated end points of crack lines are
marked with arrows)
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The mean flexural strength of the specimens that
were indented by 9.8 N load (subgroups 2, 3 and
4) was greater than the same subgroups
indented with 29.4 N load (5, 6 and 7; P=0.018).
There was a significant difference between the
subgroups of the two series in flexural strength
(P<0.001). A summary of the results is given in
Table 1.

Post hoc Tukey’s HSD test (table 2) indicated
that the mean flexural strength of non-indented
negative control subgroups (1 and 5) was
significantly greater than that of other subgroups
in both series (P<0.05); which means that
indentation with 9.8 or 29.4 N load decreased the
strength of feldspathic porcelain. But there was
no significant difference among other subgroups
of each series (P>0.05) namely indented,
indented-polished and indented-polished-resin

coated subgroups (neither among subgroups 2, 3
and 4 nor among subgroups 6, 7 and 8).

SEM MAG: 100X

Fig. 7. Separation of resin from the ceramic
surface. The resin-ceramic interface (arrow);
ceramic surface (1); resin-coated surface (2)

o

v

120s - 200X

N

A

N

Fig. 8. Comparison of cracked surface after polishing for different time periods. Arrows point
to the estimated end of crack lines
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Table 1. The mean flexural strength values (of) with 95% confidence interval

Group Surface treatment Mean Minimum Maximum Standard Confidence
(groups) strength (Mpa) (Mpa) deviation interval
(Mpa)
Not indented (1) 124.71 107.15 158.12 14.99 5.45
A series Indented (2) 110.57 91.58 133.04 22.15 6.98
(indentation Indented- polished  109.92 49.49 128.35 25.41 8.47
load=9.8N) (3)
Indented- polished- 87.23 45.39 127.56 29.33 9.94
resin (4)
Not indented (5) 134.49 105.42 149.57 12.60 4.20
B series Indented (6) 94.71 66.15 119.65 15.41 5.18
(indentation  Indented- polished  89.20 67.79 112.53 16.22 5.40
load=29.4N) (7)
Indented- polished- 80.67 65.86 97.34 12.01 4.00
resin (8)
Table 2. Inter group comparisons using (subgroups 1 and 4) was significantly greater
Tukey HSD test than that of indented specimens with either 9.8 or

29.4 N load; it means that in this study, cracks
caused a significant reduction in flexural strength

Compared Mean difference P value

_groups . of ceramic. This result is in line with the findings
1vs.2 22.3248 0-004* of Fleming et al. [28]; they revealed that cracks
1vs. 3 25.5860 0.001% made by means of 50 N indentation load on the
1vs. 4 40.8290 < 0.001 surface of aluminous porcelain and 9.8 N load on
2vs.3 3.2611 0.954 feldspathic porcelain decreased the strength of
2vs. 4 18.5041 0.072 ceramics.
3vs. 4 15.2430 0.079

1: Not indented, 2: Indented, 3: Indented-polished and
4: Indented-polished-resin.
*Statistically significant difference for P<0.05

Statistical data analysis showed that the mean
flexural strength of specimens indented with 29.4
N load was significantly lower than that of
160 specimens indented with 9.8 N load; thus, the
larger the flaw size, the greater the reduction in
strength. The same results were obtained by

- E Thompson et al. [4] who compared 9.8 N and
I 19.7 N indentation loads. However, our finding

140

100

was in contrast to that of Griggs et al. [30]; they
evaluated the effect of different indentation loads

ri
. series

: (3.9, 7.8, 11.8, 15.7 and 19.6 N) on the flexural

% o0 o A strength of ceramics and found no difference
Q among them; they attributed this result to the
I e presence of other confounding factors such as
o crack orack polsh internal porosities and stresses which, dominate

GROWP the strength behavior and conceal the effects of

flaw modification.
Diagram 1. Error bar of the mean and 95%

confidence interval of flexural strength in The SEM micrographs in the current study
subgroups of A and B series (polished with  showed that crack length decreased after
P2000) based on indentation/treatment polishing. Another important point is the created

combinations; the indentation load was 9.8N  surface roughness after polishing of ceramic.
in a series (red) and 29.4N in B series (green)  After resin coating, no sign of crack was seen.

4. DISCUSSION In the current study, there was no significant

difference in the mean flexural strength of
Based on the results of this study, the mean indented specimens with and without polishing in
flexural strength of non-indented specimens both series (with the indentation load of 9.8 or



Kermanshah et al.; BIMMR, 17(7): 1-10, 2016; Article no.BJMMR.27619

29.4 N; subgroups 2-3 and 6-7). This finding is in
agreement with the results of Guazzato et al.
[31], but in contrast to those of Giordano et al.
[32] and Albakry et al. [12]. In the afore-
mentioned studies, reduction or increase of
ceramic strength was related to increase or
reduction of surface roughness and depended on
the method of polishing, respectively.
Regardless of the results of the afore mentioned
studies, the method of assessing the effect of
polishing on porcelain strength in the current
study was different from that in previous studies;
in previous studies, grinding of the surface of
porcelain with coarse abrasive papers or burs
(instead of indentation) was done to simulate
damages and cracks caused by occlusal
adjustment of ceramics in the clinical setting.

The SEM micrographs in the current study
showed the size of crack decreased during
polishing and it is possible that further polishing
for a longer duration of time could have
increased the strength of ceramic.

However, after polishing the cracked surface for
120 seconds, crack lines and indents were still
visible and were not completely eliminated.
Created defects on the ceramic surface could be
seen.

Analysis of the data revealed no significant
difference in the mean flexural strength of
indented- polished- resin coated subgroups (4-8)
and indented (2-6) or indented- polished
subgroups (3-7) in both series; it means that
coating the surface of indented ceramic after
polishing with low viscosity resin did not increase
the strength. This finding is in contrast to the
results of Addison et al. [19], and Fleming et al
[28]. In most studies on the effect of resin on the
strength of ceramic, a filled resin was used for
cementation; because the aim of those studies
was to assess the effect of resin when applied on
the internal surface of restorations. But the aim of
the present study was to evaluate the effect of
resin when used to eliminate external surface
flaws; thus, low viscosity resin was used in the
current study to minimize occlusal interferences
after applying.

Previous studies suggested strategies for resin
coating to strengthen dental ceramics. Addison
et al. [29] discussed the resin thickness, type of
resin, filler content, modulus of elasticity of resin,
formation of a good hybrid layer and surface
texture (depending on the surface treatment
method) to be effective factors in this respect. As

mentioned earlier, low viscosity resin (Biscover)
was used for the reasons discussed earlier; it
contains low filler content and has low film
thickness and modulus of elasticity; these
properties may explain why resin was not
effective in this study. On the other hand,
achieving a suitable hybrid layer and a strong
bond require ceramic surface treatments such as
acid etching and sandblasting prior to resin
coating. In the current study, since it was
assumed that etching or sandblasting would
affect ceramic strength [25,26], these surface
treatments were not performed. In the study by
Addison et al. in 2008 [29], separation of resin
from the ceramic surface affected the ceramic
strength. The SEM micrographs in the current
study showed that resin was separated from the
surface of some specimens during their
immersion in water and also during flexural
strength  testing. This can be due to
inappropriate  ceramic  surface preparation
and ineffective bond of silane and resin to
ceramic.

Addison et al. [33] in 2008 evaluated the effect of
water storage on resin-coated ceramic strength
and reported that water was responsible for
degradation of ceramic strength. However,
Rosenthal et al. [34] in 1993 reported that short-
time water storage did not cause a reduction in
strength of resin-coated ceramics. Many previous
studies evaluated the bond strength of ceramics
in dry environment [20,29,35]. In general, a
combination of the above mentioned factors
might explain the inefficacy of resin coating in the
current study.

Considering the fact that a specific protocol has
not been explained for increasing the ceramic
strength by resin coating, prevention of water
penetration and stress corrosion cracking may
also be effective in this respect. Thus, to assess
the efficacy of application of low-viscosity resin
on the external surface of ceramic restorations,
study of crack propagation behavior during water
storage may be helpful. Also, further studies are
required to evaluate the process of slow crack
propagation. Cyclic loading in presence of water
is also recommended to further assess the
efficacy of resin coating.

Based on the current results, cracks created by a
Vickers indenter using 29.4N load decreased the
ceramic strength. Within the limitations of this
study, it appears that polishing or coating of such
surfaces with low viscosity resin does not
increase the bond strength.
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5. CONCLUSION

The strength of porcelain is affected by the
presence and size of surface flaws. Within the
limitations of this study, neither polishing nor
surface coating with low viscosity resin could
increase the biaxial flexural strength of cracked
ceramic.
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