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EFFECT OF SIMULATED GASTRIC ACID ON SURFACE ROUGHNESS
OF DIFFERENT MONOLITHIC CERAMICS
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ABSTRACT

Objectives: The purpose of this study was to evaluate the effect of simulated gastric acid on surface roughness of monolithic
ceramics. Materials and methods: A total of forty ceramic disk-shaped specimens were obtained from four ceramic materials (10
each). Each disk was sawed with a final thickness of 1.0 mm using Isomet saw from ceramic blocks of each material (Ceramil Zolid
fx white {Z},IPS e.max CAD {E} HT A3, Vita Suprinity {S} HT A3, and Cerasmart {C} HT A3). Ceramil Zolid fx white disks were
colored with A3 coloring liquid and sintered, while e.max CAD and Vita Suprinity were crystallized according to manufacturer’s
instructions. Surface roughness of ceramic disks was measured with a stylus profilometer before and after immersion in simulated
gastric acid (HCI) for 96 h at 37 °C in an incubator. The collected data were statistically analyzed using ANOVA followed by
Tukey’s post-hoc test and the significance level was set at P < 0.05. Results: There was no statistically significant difference (P >
0.05) for Z and E groups after acid immersion, while for S and C groups, there was a statistically significant difference (P <0.05)
after acid immersion. Conclusion: Surface roughness increased significantly for Vita Suprinity and Cerasmart after gastric acid

immersion, while it decreased for Zolid fx and IPS e.max CAD but not significantly.
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INTRODUCTION

Over the past 20 years, dental erosion has become
a topic of interest in general dentistry regarding
its causes, diagnosis, as well as management. It is
considered one of the main factors of tooth wear in
which loss of tooth structure occurs by acids due to
non-bacterial causes V.

The continuous acid attack renders the tooth
surface to be more susceptible to abrasive wear.
These erosive acids can be of intrinsic origin,
as in stomach acid, or extrinsic as that of acidic
beverages and citrus fruits . To emphasize, gastric
acid has a lower PH and a more erosive ability than

dietary acids, hence the amount of destruction is
unfortunately more severe @,

Gastroesophageal reflux disease (GERD) is a
common medical condition causing involuntary
gastric acid movement into the oral cavity. It is
a relatively common condition worldwide, with
prevalence rates in adults ranging from 21% to
15% of individuals
experience heartburn once a week, 7% to 10%

56% in different countries.

experience heartburn once daily, 25% to 40% of
Americans experience symptomatic GERD at some
point, and 45% to 85% of women experience GERD
or heartburn during pregnancy “~.
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Dentists are commonly the first to diagnose
GERD through erosion of teeth since most people
are not aware of the presence of the disease, as it
was reported that there is a correlation between den-
tal erosion and GERD patients where patients with
GERD are found to have dental erosion and patients
with dental erosion are then found to have GERD ©.

The high acidity of the gastric components
reaching the oral cavity is likely to cause more
dental erosion compared with carbonated drinks .
Unlike dental caries, in which the demineralization
is caused by an acidic environment produced by
plaque bacteria, the acidic environment in GERD
is due to the reflux of hydrochloric acid from the
stomach. The erosive effect tends to be localized on
the palatal aspects of the maxillary teeth; however,
it can also extend to the occlusal and other surfaces
of the dentition ®.

Oral symptoms associated with GERD are
burning mouth syndrome, dental sensitivity, loss of
vertical occlusal dimension, and esthetic problems
U9 If tooth structure loss reaches such level of high
severity, functional and esthetic rehabilitation of the
teeth becomes necessary V. Therefore, the choice of
an adequate restorative material plays an extremely
relevant role in the durability of the restoration.

Ceramics have been the backbone of esthetic
dentistry for more than 100 years. The qualitative
improvements provided ceramic materials with
many advantages over the porcelain-fused-to-
metal (PFM) system. Glass-ceramics have superior
optical properties 1?. Stabilized zirconia, referred
to as “ceramic steel”, shows not only the unique
phenomenon called “transformation toughness”,
but also other properties such as the highest strength
amongst dental ceramics, high fracture toughness
and Vickers hardness ©. Meanwhile, the so-called
“hybrid ceramics” appeared to have advantages in
terms of fracture resistance, high resilience, and
shock-absorbing properties, milling efficiency,
polishability and accuracy due to less marginal
chipping . Ceramic materials with a resin matrix
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inside, are especially suitable to produce crowns
over the implants or tooth restorations in a region
where high masticatory pressure is generated (4.

Although dental ceramics can provide the most
natural replacements for teeth and are considered
chemically inert restorative materials, many factors
such as the composition, microstructure, chemical
properties of ceramic materials, exposure to erosive
or acidic agents, exposure time, and temperature,
may influence the durability of dental ceramics '>.

Surface features play a key role in the clinical
longevity of restorative materials since superficial
biodegradation resulting from chemical solutions
will affect the material properties. This process will
allow plaque accumulation, wear, and discoloration
of restorations 7.

Rough surfaces may also lead to abrasion of ad-
jacent and opposing teeth and subsequently teeth
staining. Therefore, the surface roughness of restor-
ative materials should be minimized to contribute
to the patient’s comfort, optimum esthetics, oral hy-
giene, and satisfactory clinical performance %,

Sulaiman et al. " studied the impact of gastric
acid (pH 1.2) on the surface topography of different
monolithic zirconia and IPS e.max and found that
IPS e.max and FSZ (fully stabilized zirconia)
exhibited smoother surfaces after acid immersion.
While Kulkarni et al. ©® found that zirconia showed
resistance to gastric acid and tooth brushing,
whereas the gastric acid treatment affected the
surface roughness of feldspathic porcelain and IPS
€.max ceramics.

Dental ceramics present excellent physical and
mechanical properties, such as biocompatibility
with oral tissues, provided that the material is placed
in an optimal environment. However, an aqueous
environment and exposure to chemical solutions
may create micro-cracks, resulting in increased
surface roughness ©”. Therefore, the study was
designed to evaluate the effect of simulated gastric
acid on the surface roughness of different monolithic
ceramic materials.
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MATERIALS AND METHODS

The materials used in this study are: group Z;
Ceramil Zolid fx white (Amann Girrbach, Koblach,
Austria), group E; IPS e.max CAD HT A3 (Ivoclar
Vivadent AG, Schaan, Liechtenstein), group S; Vita
Suprinity HT A3 (Vita Zanfabrik, Germany), and
group C; Cerasmart HT A3 (GC, Tokyo, Japan). A
total of 40 disks shaped from four ceramic materials
(10 each) with 1.0 mm thickness were cut from the
ceramic blocks for each material,,except for zirconia,
the disks were cut 20% larger to compensate for
shrinkage after sintering.

Cuts were done using a low-speed diamond saw
(Isomet saw 4000, Buehler, Illinois Tool Works Inc,
USA) running under water coolant with a 2500 rpm
speed. A digital caliper (Fisher Scientific Traceable
Caliper, USA) was used to confirm the thickness of
the specimens after sawing.

The white zirconia disks were then colored,
before sintering using Ceramill FX coloring liquid
shade A3 ( Amann Girrbach, Koblach, Austria)
for cubical zirconia according to manufacturer’s
instruction. A dipping technique was used; in which
the disks were immersed into the coloring liquid for
10 seconds to absorb the color, then removed by a
pair of plastic tweezers.

After coloring and before sintering, zirconia
disks were pre-dried first at a temperature of 80 °C
for 60 minutes. Then, specimens were sintered at
a temperature of 1450 °C in the high-temperature
furnace (Ceramill Therm, Amann Girrbach AG,
16842  koblach, Austria)
according to the manufacturer’s instructions.

Herrschaftswiesen

Ceramic disks of IPS e.max CAD and Vita
Suprinity were crystallized in the furnace (Programat
P310, Ivoclar Vivadent AG, Bendererstrasse
2, FL-9494 Schaan, Liechtenstein) with the
specific program for each material according to
manufacturer’s instructions. Disks of the Cerasmart
material don’t need any further heat treatment,
accordingly,, just polishing and cleaning were done.
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Polishing of the specimens was done on one
surface using Robinson’s brush and polishing paste
(Pearl Surface Z). After polishing, all specimens
were cleaned using an ultrasonic cleaner (Silfradent,
Santa Sofia, Forli-Cesena, Italy) in a distilled water
bath for 10 minutes then left to air-drying over an
absorbent paper.

After ultrasonic cleaning all ceramic disk speci-
mens were weighed before and after gastric acid im-
mersion by a micro-scale (AXIS Sp. z 0.0. ul. Kar-
tuska 375B, 80-125 Gdafisk, pomorskie, Poland).

A generic formula simulating gastric acid was
used. Hydrochloric acid (HCI) of 0.06 M (pH 1.2)
was prepared according to previous studies 192V,
The pH was monitored with pH-meter (JENCO,
Model No. 6173pH, SN. JC05788, made in China
for JENCO USA) and the solution changed every
24 h. Each ceramic disk was immersed individually
with a polished surface facing up in 5 ml of the sim-
ulated gastric acid for 96 h at 37°C in an incubator
(Memmert, GmbH Co. KG, Schwabach, Germany).

Before and after immersion in the acid; the
surface roughness (Ra) was measured using a stylus
profilometer (Surftest SJ 210, Mitutoyo Corp, Japan)
which scans surface roughness with 5 ym-diameter
diamond stylus and 90° tip angle. To measure the
roughness profile (Ra) value in micrometers (xm),
the tracing diamond stylus (with 5 gm tip radius)
was moved across the surface (backward and
forward) under a constant load of 4 mN (measuring
force) with a speed of 0.5 mm/sec and a cut-off
value of 0.8 mm.

Calibration was checked with a standard (Ra
= 2.94 ym) before the first use and after every 10
samples. Three traces were recorded for each ceramic
disk which oriented consistently and measured
at 3 different parallel locations to determine 3 Ra
for each disk. Then the mean surface roughness
measurement was calculated for each ceramic disk
(average value) to be used later in the statistical
analysis.
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All raw data were collected and tabulated,
then represented in mean and standard deviation.
Statistical analysis was performed using a computer
software (SPSS V20.0,SPSS Inc.,IBM Corporation,
NY, USA) for windows. Data were analyzed using
One-way ANOVA followed by the Tukey post hoc

test with P < 0.05 significance level.

RESULTS

One-way ANOVA was conducted between
groups to compare the effect of gastric acid
immersion on surface roughness for the four types
of ceramics {zirconia (Z), IPS e.max CAD (E), vita
Suprinity (S) and Cerasmart (C)}. A Tukey post hoc
test was used to show significance between pairs of
groups. The significance level was set at P < 0.05

with 95% Confidence Interval for the mean values.
Surface Roughness (Ra) measurement:

There was no statistically significant difference
(P>0.05) for Z and E groups after acid immersion,
while for S and C groups, there was a statistically
significant difference (P <0.05) after acid immersion.
Table (1), Figure (1).

TABLE (1): Ra comparison between before and af-

ter acid immersion among different materials:

Ra Before Ra After
Group Mean Mean
SD | P-value SD | P-value
(um) (um)
V4 0.256* | 0.05 0.236° | 0.02
E 0.475° | 0.07 0.414% | 0.07
0.00" 0.00"
S 0.474% | 0.06 0.555¢( 0.09
C 0.149¢ | 0.01 0.165" | 0.01

Same letters mean non-significant, different letters

mean significant, (*) Significant P < 0.05
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FIG (1) Bar chart showing surface roughness comparison among
different materials before and after acid immersion.

* For group Z; surface roughness decreased after
acid immersion but not statistically significant.

e For group E; surface roughness decreased after
acid immersion but not statistically significant.

e For group S; surface roughness increased
significantly after acid immersion.

e For group C; surface roughness increased
significantly after acid immersion.

DISCUSSION

The ultimate objective of restorative dentistry is
to replace lost tooth structure with a material whose
physical properties and mechanical performance are
similar to that of natural teeth. All dental restorations
are exposed to complex and varying oral conditions
during their service life.

Dental professionals usually review medical
histories and medications that identify patients with
a diagnosis of acid reflux. Most often, a specialized
physician known as a gastroenterologist treats this
condition. However, there are dental manifestations
to GERD, so it is important that dental professionals
identify these patients and recommend appropriate
dental treatment to maintain a long-term health of
the dentition. Furthermore, dental professionals
could recognize this condition in untreated patients
and may need to refer those patients to a physician
for further evaluation.
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If a GERD patient, or any similar condition,
needs dental restorative treatment, the clinician
must consider the effect of acid on the intended
restorative material that will be used. Consequently,
the choice of an adequate restorative material plays
an extremely relevant role in the durability of the
restoration. Therefore, this study was conducted to
clarify this issue in term of surface roughness.

The ceramic materials used in this study were
selected according to the availability in the market
and the popularity of their use to represent their
families. The ceramic materials were just polished
then tested without glazing to determine the effect
of gastric acid on the ceramic material itself, as the
glaze layer is removed or peeled off after about
six months ??. Furthermore, several studies have
shown that polishing methods can result in a final
ceramic surface with a similar or better roughness
than glaze-fired ceramic surfaces (829,

Regarding the corrosive acid concentration and
immersion time, there is no clear agreement in the
literature of the actual method of acid simulation and
the equivalent time to replicate an in-vivo model?.
The ISO standard 6872 solubility test for dental
ceramics advocates the use of a 4% acetic acid
and a standard exposure time of 16 h at 80 °C ¥,
The in-vivo relevance of this time was determined
to be equivalent to approximately 2 years clinical
situation based on the study by De Rijk et al. ® who
reported that immersion in artificial saliva at 22 °C
for 22 years would have been required to produce
the same degree of dissolution as exposure to 4%
acetic acid at 80 °C for 168 h.

The in-vitro simulation of corrosive effects of
acids on the surface roughness of dental ceramics
mainly depends on the concentration of the acid, the
time of immersion, and the temperature. In the pres-
ent study, a stronger acid (HCI, pH 1.2) was used
as an ageing solution based on previous studies
(192D rather than the ISO standard 6872 of 4% ace-
tic acid to represent the clinical situation of patients
who have acid reflux disorder. Also, the immersion
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time was increased to 96h at 37°C, which is sup-
posed to simulate over 10 years of clinical exposure
in-vivo”,

The risk of these acids lies in its chelating effect
that can cause degradation, ionic dissolution and re-
lease of alkaline lithium and aluminum ions, which
are less stable in the glassy phase than in the crys-
talline phases, and results in the dissolution of the
ceramic silicate network, which can be toxic ?%27,

Resistance to chemical degradation of dental
materials is a principal requirement for intra-oral
use and is a relevant concern in choosing ceramic
materials for restorations. Dental prostheses must
resist degradation over both intermittent and con-
stant exposure to harsh conditions arising from tem-
perature changes and acid-base shifts @, Polymer-
based materials may be more sensitive to aging fac-
tors than monolithic ceramics due to the infiltrated
polymer and a large number of polymer/particle
interfaces ®®. However, information considering
the degradation of the recently developed materials
under variation in pH conditions is limited. Hence,
this study was designed to investigate the effects of
acidic environment and low pH on surface rough-
ness of different ceramic materials.

Surface roughening,howeverminoritcanbe, may
lead to increased wear to the opposing dentition and
increased bacterial adherence through mechanical
entrapment. So, it is worth to remind that a positive
correlation between surface roughness and plaque
accumulation has been previously reported 8.

The present study showed evident interactions
indicating that tested ceramics are not chemically
inert but showing some signs of degradation in an
acidic environment, which is in agreement with
other previous studies #6331,

In the present study, the four ceramic materials

used were submitted for surface roughness
measurement by a profilometer before and after
immersion in simulated gastric acid for 96 hours at

37°C incubator. The results showed a statistically
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significant difference (P <0.05) after acid immersion
for S and C groups, while for Z and E groups, there
was no statistically significant difference (P> 0.05).

Zolid fx (group Z) showed a statistically non-
significant (P> 0.05) decrease in surface roughness.
This may be due to the fact that Zolid fx is a fully
stabilized zirconia which was stabilized in the cubic
form by an increasing the amount of Yttria over 9
wt% rendering this material to be more stable under
different situations, such as acidic environment
and low pH in the present study. This result is in
agreement with other studies that suggest that a
higher dopant concentration of more than 8 wt% of
Yttria plays a significant role in the emergence of
ultra-translucent fully stabilized zirconia, ®® which
has more aging resistance than partially stabilized
zirconia ©?.

IPS e.max CAD (group E) showed a statistically
non-significant (P > 0.05) decrease in surface
roughness after acid immersion. The fact that IPS
e.max has a different microstructure than zirconia
probably explains its higher weight loss after
acid immersion. This finding may indicate that
glass-ceramics have increased vulnerability to a
corrosive acid when compared with zirconia. This
result is in disagreement with other studies that
showed a rougher surface after acid immersion for
IPS e.max, concluding that the crystalline phase
(Li,Si,0,) appear to dissolve at a slower rate than
the glass matrix creating a rougher surface (1?2631,
However, the crystalline phase (Li,Si,O,) in IPS
e.max represents about 70% which is far more than
the glassy phase, so the exposed surface may have
a little glassy matrix that when dissolved in acid
didn’t make a significant difference in the results of
the present study.

The surface roughness of Vita Suprinity (group
S) increased significantly (P < 0.05) after acid
immersion. Vita Suprinity is a zirconia-reinforced
lithium silicate ceramic that includes 8-12% ZrO,
in its composition, the acid may interact differently
with these different phases making a rougher

Mohamed F Aldamaty, et al.

AJ.D.S. Vol.23, No. 4

surface. Zirconia phase is more resistant to acid
exposure, which is supported by the results of
group Z, while lithium silicate phase (15-21 wt%)
and glass matrix (55-65 wt%) are more vulnerable
to acid attack. The presence of a glassy matrix
may lead to the dissolution of the glass network,
considering that alkaline ions (Si, Ca, and Mg) are
less stable when in a glassy matrix phase than in
a crystalline phase %3V, This is in agreement with
previous studies in which the surface roughness of
polished Vita Suprinity specimens increased after
acid exposure 439,

Likewise, the surface roughness of Cerasmart
(group C) increased significantly (P < 0.05) after
acid immersion. Cerasmart is composed of a resin
matrix with silica and barium glass nanoparticles.
The acid may attack the resin phase much more
aggressively than it does with the glass phase, with
the chemical bonds at the glass/polymer interface
being damaged by hydrolysis near the surface in
contact with the acid, leading to this increase in
surface roughness.

Indeed, the resin part has high susceptibility
to acid-induced degradation, resulting in loss of
cohesion at the interface. When subjected to stronger
acid solutions, the ester groups of the polymer were
hydrolyzed by acid and a chain split occurred. Those
polymer chains were cleaved to form oligomers and
finally to form monomers (12836,

Along with the results in hands, the surface
roughness of a material is determined by the
behavior of acid toward each component of the
material as there are some components which are
more resistant to acid than others. In other words,
the acid acts evenly on single-phase materials, while
acts unevenly on multiphase materials causing its
surface to be rough.

The limitation of this study is the absence of
additional aging factors, including thermocycling
and mechanical loading which could have

contributed to having a deeper understanding of
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the properties and corresponding degradation of
ceramic restorations.

As most monolithic crowns are stained and
glazed, it would be interesting to further evaluate
the effect of an acidic environment on the stability
of such stains and how the esthetic appearance of a
restoration is affected. Also, the effect of an acidic
environment on the flexural strength of ceramic
materials should be further investigated.

CONCLUSION

Within the limitations of this in-vitro study, it
can be concluded that; Surface roughness increased
significantly for Vita Suprinity and Cerasmart after
gastric acid immersion, while decreased for Zolid fx
and IPS e.max CAD but not significantly.
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