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ABSTRACT

Objective: The purpose of this study was to evaluate the effect of simulated gastric acid on the color and translucency of
monolithic ceramics. Materials and Methods: A total of forty ceramic disks made from four ceramic materials (10 each) were
cut 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). Zirconia disks were then colored using A3 coloring
liquid and sintered, while IPS e.max CAD and Vita Suprinity were crystallized according to their manufacturers’ instructions.
A spectrophotometer was used to evaluate color change (AE) and translucency parameter (TP). L*a*b* color coordinates were
determined over white and black backgrounds according to the CIE Lab 1976 color scale before and after immersion in simulated
gastric acid (HCI) for 96 h at 37°C incubator. 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: The highest color change was recorded for group C followed by
group E, group S, and the least change was with group Z. Translucency increased significantly (P<0.05) after acid immersion
for all materials except for group C. Conclusion: Zolid fx showed the greatest color stability after gastric acid immersion, while
Cerasmart is the least one, however, all tested ceramics are within the clinically acceptable limit. Translucency increased after
gastric acid immersion for all tested ceramics except for Cerasmart, it decreased.
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INTRODUCTION
With the
restorations, the possibility to produce full contour

increasing demand for esthetic

crowns, and the assumed enhancements in bonding

ability, different monolithic restorations have
gained attention as a suitable material for restoring
worn dentition. Dental erosion is considered one
of the main factors of tooth wear in which loss of
tooth structure occurs by acids due to non-bacterial

causes (.

The continuous acid attack renders the tooth
surface to be susceptible to more abrasive wear.
These erosive acids can be caused by intrinsic origin

as in stomach acid, or extrinsic as that of acidic
beverages and citrus fruits @. Gastric acid has lower
pH and more erosive ability than dietary acids,
hence the amount of destruction is unfortunately
more severe ©,

The main intrinsic source of acid is from the
stomach. Gastric contents are very acidic and were
reported to have a pH as low as 1. Gastric contents
can travel up into the oral cavity by vomiting
and regurgitation which is commonly associated
with gastroesophageal reflux disease (GERD)
@, Regurgitation is the involuntary movement of
the gastric contents from the stomach to the oral
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cavity. Regurgitation is different from vomiting as
it does not involve nausea, retching, or abdominal
contractions. The contents that are regurgitated
include hydrochloric acid, undigested food particles,
bile acids, and trypsin ©.

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 56% in different countries; 15% of
individuals experience heartburn once a week; 7%
to 10% experience heartburn once daily; 25% to
40% of Americans experience symptomatic GERD
at some point; 45% to 85% of women experience

GERD or heartburn during pregnancy®®.

Dentists are commonly the first to diagnose
GERD through erosion of teeth because most
people are not aware of the presence of the disease,
as it was reported that; there is a correlation between
dental erosion and GERD patients where patients
with GERD are then 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 ©19,

Although dental ceramics can provide the most
natural replacements for teeth and are considered
chemically inert, many factors
composition, microstructure, chemical properties

such as the

of the ceramic materials, erosive or acidic agents,
exposure time, and the temperature, may influence
the durability of dental ceramics V.
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Several previous studies have reported the deg-
radation of dental ceramics when exposed to aque-
ous solutions or acidic agents !9, This condition
results from selective releasing of alkaline ions,
which are far less stable in the glassy phase than
in the crystalline phase of dental ceramics 4. The
consequences of ceramic degradation are coarse-
ness of the exposed surface, increase in plaque ac-
cumulation, wear to antagonist materials or teeth,
and discoloration of restorations !>,

According to the international standard ISO
6872 for dental ceramics, 4% acetic acid at 80°C for
16 h is used when chemical solubility is determined
(19, By using acetic acid, the chemical solubility test
and aging of the specimens could be performed at
the same time. But to simulate in vivo condition, a
stronger acid (HCI, pH 1.2) was used as an ageing
solution by previous studies 17!® rather than the
ISO standard 6872 of 4% acetic acid. Also, the
immersion time was increased to 96 h at 37°C,
which is supposed to simulate over 10 years of
clinical exposure in-vivo 17.

Sulaiman et al."'” studied the impact of gastric
acid (pH 1.2) on optical properties of different
monolithic zirconia and IPS e.max and found
that IPS e.max and FSZ (fully stabilized zirconia)
exhibited a significant increase in translucency and
surface gloss 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 color and surface gloss
of feldspathic porcelain and IPS e.max, but the
translucency for all materials was not statistically
significant. Furthermore, in another study, the color
stability of Vita Suprinity was affected by citric acid
(pH 2) than artificial saliva .

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 constant exposure to harsh conditions arising
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from temperature changes and acid-base shifts 2.
Polymer-based materials may be more sensitive
to aging factors 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. Therefore, the study was
designed to evaluate the effect of simulated gastric
acid on the color stability and translucency of

different monolithic ceramic materials.

MATERIALS AND METHODS

The materials used in this study were 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 from four ceramic materials (10
each) with a thickness 1.0 mm 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 made using a low-speed diamond saw
(Isomet saw 4000, Buehler, Illinois Tool Works Inc,
USA) running under water coolant with 2500 rpm
speed. A digital caliper (Fisher Scientific Traceable
Caliper, USA) was used to confirm the thickness of
the specimens after sawing.

The uncolored zirconia disks cut from white Zolid
fx blanks were colored, before sintering, in Ceramill
FX coloring liquid shade A3 ( Amann Girrbach,
Koblach, Austria) for cubical zirconia according to
manufacturer’s instruction. The 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 at a temperature of 80°C for
60 minutes. Then, the specimens were sintered at

EFFECT OF SIMULATED GASTRIC ACID ON OPTICAL PROPERTIES 3

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 Su-
prinity were crystallized in the Programat P310
furnace (Programat P310, Ivoclar Vivadent AG,
Bendererstrasse 2, FL-9494 Schaan, Liechtenstein)
with the specific program for each material accord-
ing to manufacturer’s instructions. The disks of the
Cerasmart material didn’t need any further heat
treatment, they were just polished and cleaned.

Polishing of specimens was done on one surface
using Robinson’s brush and polishing paste (Pearl
Surface Z). After polishing, all specimens were
cleaned in an ultrasonic cleaner (Silfradent, Santa
Sofia, Forli-Cesena, Italy) in a distilled water bath
for 10 minutes, then left to air-dry 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 o0.0. ul. Kar-
tuska 375B, 80-125 Gdansk, 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 (719,
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 simulated gastric acid for 96 h at 37°C in an
incubator (Memmert, GmbH Co. KG, Schwabach,
Germany).

Before and after immersion in the acid, L*a*b*
color coordinates were determined over white and
black backgrounds by using a spectrophotometer
(JASCO Corporation, V570, Tokyo, Japan)
according to the CIE 1976 L*a*b* color scale
relative to the CIE standard illuminant D65
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(as defined by the International Commission on
Illumination) which corresponds to “average”
daylight.

The color change (AE) of each ceramic disk was
obtained by calculating the color difference of the
disk against the white background (w) before and
after acid immersion according to the following
equation:

AE= ( [AL*]Z + [Aa*]z + [Ab*]z)l/z

2

AB=([L  -L

2)I/2

after bcforc] + [a after a bcforc]2 +[b after b bcforc]

The translucency parameter (TP) values were
evaluated by calculating the color difference of each
ceramic disk over black and white backgrounds
before and after acid immersion according to the
following equation:

TP=([L,*- L *P + [a,* -2 *] +[b,* - b *]")""

Where L* refers to the lightness, a* to redness to
greenness, and b* to yellowness to blueness. Letters
“b” and “w” refer to color coordinates over the
black and white backing, respectively.

All raw data were collected and tabulated
then represented in mean and standard deviation.
Statistical analysis was performed by using
computer software (SPSS V 20.0, SPSS Inc., IBM
Corporation, NY, USA) for windows. The data was
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 treatment (gastric
acid immersion) on optical characteristics (color
and translucency) 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.
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Color Change (AE):

There was a statistically significant difference
(P < 0.05) between all groups except between E
and S groups, there was no statistically significant
difference (P > 0.05). The highest color change was
recorded for group C followed by group E, group S,
and the least one is group Z. Table (1), Figure (1).

TABLE (1): AE comparison among different materials:

Group Mean (AE) SD P-value
V4 1.31° 0.32
E 2.02° 0.52
0.00"
S 1.95° 0.43
C 2.59¢ 0.29

Same letters mean non-significant, different let-
ters mean significant, (*) Significant P < 0.05

25

2
15
1
05
0

z E 5 C

color change

. J

FIG (1) A column chart showing color change among different
materials

Translucency Parameter (TP):

There was a statistically significant difference
(P < 0.05) for each ceramic material after acid
immersion. But there was no significant difference
(P > 0.05) between Z and E, E and S before acid
immersion, and between Z and E, E and S, Z
and S after acid immersion, while the remaining
comparisons were significant (P < 0.05). Table (2),
Figure (2)
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» Forgroup Z; translucency increased significantly

after acid immersion.

*  Forgroup E; translucency increased significantly

after acid immersion.

*  Forgroup S; translucency increased significantly

after acid immersion.
e For group C; translucency decreased signifi-

cantly after acid immersion.

TABLE (2): TP comparison before and after acid

immersion between different materials:

Before After
Group

Mean SD | P-value | Mean | SD | P-value

Z 0.53* | 0.15 0.84¢ 1 0.13

E 0.43® | 0.05 0.85¢ | 0.21
0.0000" 0.0004"

S 0.41° | 0.04 0.83¢ ] 0.16

C 0.72¢ | 0.19 0.53¢ | 0.11

Same letters mean non-significant,
different letters mean significant,

(*) Significant P < 0.05

0.9 1 m Before
m After

0.8
0.7
0.6

0.5 -
0.4

0.3
0.2
0.1

z E s | €

Translucency

- J

FIG (2) Bar chart showing TP comparison among different ma-
terials before and after acid immersion.
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DISCUSSION

Dental ceramics present excellent physical and
mechanical properties, such as biocompatibility
with oral tissues, provided that the material is placed
in an optimal environment. Thus, it has become the
material of choice for replacing dental structures.
However, an aqueous environment and exposure
to chemical solutions may create micro-cracks,
resulting in increased surface roughness which
would adversely affect color and light reflection of
the material @',

Dental professionals usually review health
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 it, so it is important that dental professionals
identify these patients and recommend appropriate
dental treatment to protect the 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.

Oral symptoms associated with GERD are
burning mouth syndrome, dental erosion and
sensitivity, loss of vertical dimension, and esthetic
problems. Iftooth structure loss reaches such level of
high severity, functional and esthetic rehabilitation
of the teeth becomes necessary .

If a GERD patient, or similar conditions,
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 terms of color stability and
translucency.

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
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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 >29,

In the present study the ceramic materials were
sectioned with the high precision saw Isomet 4000,
which ensures a standardized thickness for all spec-
imens, thus avoiding any optical alterations that
could occur due to change in thickness ?”. Polishing
was performed for the specimens regarding the evi-
dence proving that stain resistance and color stabil-
ity is improved with properly polished surfaces®®.

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
(7. 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 (9,
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 dental ceramics mainly depends on the
concentration of the acid, the time of immersion,
and the temperature. In the present study, a stronger
acid (HCI, pH 1.2) was used as an ageing solution
based on previous studies 7'® rather than the ISO
standard 6872 of 4% acetic acid to represent the
clinical situation of patients who have acid reflux
disease. Also, the immersion time was increased to
96 h at 37°C, which is supposed to simulate over 10
years of clinical exposure in-vivo 7.
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The risk of these acids lies in its chelating effect
that can cause degradation, ionic dissolution and
release of alkaline lithium and aluminum ions,
which are less stable in the glassy phase than in the
crystalline phases, and results in the dissolution of
the ceramic silicate network, which can be toxic 2.

Optical characteristics in the present study were
evaluated according to the CIELab system using a
spectrophotometer on flat ceramic disks. This device
might have a disadvantage of being less accurate
when measuring a curved surface which did not
apply in the present study. Spectrophotometers
have good accuracy and reproducibility and are
used as a viable instrument in dentistry to obtain a
proper shade selection and in research to assess the
color stability of dental restorations. Furthermore,
the validation of this method was verified by many
previous studies %30,

For this study, it was considered more realistic
to set the clinically acceptable limit at 3.7 AE that
has been referenced for many years by previous
studies®*39).

In the present study; color parameters and
translucency of the four ceramic materials used
were made using a spectrophotometer, both before
and after immersion in simulated gastric acid for 96
hours at 37°C incubator.

For color change (AE), there was a statistically
significant difference (P < 0.05) among different
groups, except between E and S groups, which had
no statistically significant difference (P > 0.05).

Although the highest color change was recorded
for group C followed by group E, group S, and the
least one is group Z, all results were within the
clinically acceptable limit (3.7 AE) which was set
for this study.

Zolid fx (group Z) showed the least color change
(1.31 AE). This may be due to the high stability
of the fully stabilized cubic form which has more
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aging resistance than partially stabilized zirconia®®.
While Cerasmart (group C) showed the highest
color change (2.59 AE), it may be due to its resin
matrix composition. This may be attributed to that
the staining susceptibility of ceramics is directly
related to the degree of water sorption. Their ability
to absorb water can also absorb fluid with pigments,
thus acting as a vehicle for stain penetration into the
bulk of the material®>.

For translucency parameter (TP) there was a
statistically significant difference (P<0.05) for
each ceramic material after acid immersion, where
translucency was increased significantly after acid
immersion for Z, E, and S groups, while decreased
significantly for group C.

Zolid fx and IPS e.max showed smoother surface
after acid immersion, so it is logically to be more
translucent, as a rough surface would adversely
affect the color and light reflection of a restoration,
since the higher the roughness, the lower the optical
reflection would be ®. Also, it is worth mentioning
that translucency of Zolid fx in the present study
was comparable to IPS e.max before and after
acid immersion which confirms the claim of the
manufacturer.

Although Vita Suprinity showed a rougher
surface after acid exposure 39, it displayed more
translucency. This is maybe the result of its high glass
content and lithium silicate crystals that offer the
material with its superior optical characteristics®?.

On the other hand, Cerasmart showed a
significant decrease in translucency after acid
immersion. This is in consistent with the highest
color change observed with this material due to its
resin content.

The absorption features of the resin allow the
acid to attack the bond between glass particles and
the polymer, leading to the disintegration of the
polymer and degradation of the ceramic, leaving a
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rough surface behind, which adversely affects the
color and light reflection of restoration !>203%),

The translucency results of the present study are
in agreement with those of Sulaiman et al.,*) but
are in disagreement with Kulkarni et al.® which
found no statistically significant effect on dental
ceramics (feldspathic porcelain, IPS e.max CAD,
and monolithic zirconia) after gastric acid treatment.
This may be due to the different methodology,
pH, and immersion time used in their study, as
they immersed samples in gastric acid (pH 2) for
2 minutes then rinsed with deionized water for 2
minutes, where the procedure was repeated 6 times
per day for 9 days.

The limitation of this study is the absence of
testing ceramic materials against different colored
solutions with different pH, which can contribute to
having more understanding of the optical properties
and corresponding behavior of ceramic materials.

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 limitation of this in-vitro study, the
following can be concluded;

1. Zolid fx showed the greatest color stability after
gastric acid immersion, while Cerasmart is the
least stable among tested materials. However,
all tested ceramics are within the clinically ac-
ceptable limit,

2. Translucency increased after gastric acid im-
mersion for all tested ceramics except for
Cerasmart, it decreased.
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