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Effect of Acidic Agentson Surface Roughness of Dental Ceramics

Boonlert Kukiattrakoon®, Chanothai Hengtrakool?, Ureporn Kedjarune-Leggat®

ABSTRACT

Background: An increase in surface roughness of ceramics may decrease strength and affect
ical success of ceramic restorations. However, little is known about the effect of acidic agentq
ramic restorations. The aim of this study was to evaluate the surface roughness of dental

he clin-
on ce-
eramics

after being immersed in acidic agents.

Methods: Eighty-three ceramic disk specimens (12.0 mm in diameter and 2.0 mm in thickness
made from four types of ceramics (VMK 95, Vitadur Alpha, IPS Empress Esthetic, and IPS
Ceram). Baseline data of surface roughness were recorded by profilometer. The specimens W
immersed in acidic agents (citrate buffer solution, pineapple juice and green mango juice) ar
nized water (control) at 37°C for 168 hours. One group was immersed in 4% acetic acid at §
168 hours. After immersion, surface roughness was evaluated by a profilometer at intervals of
and 168 hours. Surface characteristics of specimens were studied using scanning electron mi
(SEM). Data were analyzed using two-way repeated ANOVA and Tukey's multiple compa
(0o = 0.05).

Results: For all studied ceramics, all surface roughness parameters were significantly increas
168 hours immersion in all acidic agents (P < 0.05). After 168 hours in 4% acetic acid, ther
significant differences for all roughness parameters from other acidic agents of all evaluated
ics. Among all studied ceramics, Vitadur Alpha showed significantly the greatest values of all g
roughness parameters after immersion in 4% acetic acid (P < 0.001). SEM photomicrograp
presented surface destruction of ceramics in varying degrees.
Conclusion: Acidic agents used in this study negatively affected the surface of ceramic maf
This should be considered when restoring the eroded tooth with ceramic restorations in patie
have a high risk of erosive conditions.

Keywords: Aluminum oxide, Dental porcelain, Surface properties, Aluminum silicate.
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Introduction

Dental ceramics are considered chemically inert which are far less stable in the glassy phase than
restorative materials. However, many factors such in the crystalline phase of dental ceranficEhe

as the composition, microstructure, chemical consequences of ceramic degradation are coarse-
properties of the ceramic materials, erosive or ness of the exposed surfdc8,increase in plaque
acidic agents, exposure time, and the temperature,accumulatiof®®****and wear to antagonist mate-
may influence the durability of dental ceramics. rials or teet. In addition, an increase in surface
Hence, previous studies have reported degrada-roughness of ceramics may decrease strénjth
tion of dental ceramics when exposed to aqueous and affect the clinical success and failure of ce-
solutions or acidic agenfs. This condition re-  ramic restoration$’

sults from selective releasing of alkaline idifs, Dental ceramics have different microstruc-
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tures, chemical compositions, and properties.
Feldspathic ceramics enclose 19 weight percen-

tage (wt%) of leucite crystals (R Al,O; 4Si0,)
after incongruent melting of a mixture of glass
and potassium feldspat. Aluminous ceramics,

and 2 mm in thickness) from each ceramic were
fabricated. The sintered ceramic specimens were
made by a silicone mold (Provil, Heraeus Kulzer,
Wehrheim, Germany) and then, cured according
to the manufacturer's instructions. For IPS Em-

the feldspathic-base ceramics, has increased thepress Esthetic, the specimens were fabricated by

amounts of 40 to 50 wt% aluminum oxide crys-

heat press technique. Subsequently, the specimens

tals!® Feldspathic and aluminous ceramics are were polished (Phoenix 4000, Buehler GmbH,
used as laminate veneers, inlays, onlays and asDisseldorf, Germany) under running water using

covering material for ceramic restorations. The
high leucite ceramics contain up to 40-50 wt%
leucite crystald! Recently, fluorapatite ceramics

600 and 1,200-grit silicon carbide paper (3M
ESPE, St.Paul, MN, USA) and were submitted to
self-glazing according to the manufacturer's in-

are composed of dispersed fluorapatite crystals structions. The exclusion criteria of the specimens

[Caio(POy)6F2] in a feldspathic glassy matrix that
results in a microstructure unlike that of any other
commercially available dental ceranifc.

were the presence of defects, pores, or cracks on
the surfaces as evaluated by visual inspection and
under a stereascope (SMZ 1500m, Nikon Instech,

In general, the behavior of eating and chewing Kanagawa, Japan) at40 magnification. All of
sour fruits, such as green mangoes, pineapples,the specimens were then ultrasonically cleaned in

and limes are most commonly found in tropical

distilled water for 10 min and dried in a stream of

countries such as Australia, Cuba and also coun- oil-free compressed air and kept at room tempera-

tries in southeast Asid?* People who frequently

consume these foods often have a high incidence

of dental erosioR®?* The potential erosive effect

ture before testing.

Storage agent immersions and surface rough-

of these acidic food and beverages on enamel areness measurements

affected primarily by the dissolution of apatite
crystals?®*%® However, little is known about.their

Fifty ceramic disks of each type of the studied
ceramics were divided into 5 groups (N=10).

effect on ceramic restorations. The present study Surface roughness of the specimens was meas-
was conducted to evaluate changes of surfaceured by a profilometer (Surfcorder SE-2300,
roughness and surface characteristics of 4 types of Kosaka Laboratory Ltd., Tokyo, Japan) before
dental ceramics after being.immersed in acidic immersion. The cut-off value for surface rough-

agents (citrate buffer solution, green mango juice,

pineapple juice, and 4% acetic acid) for 168

ness was 0.8 mm and the traversing distance of
the stylus was 4 mm. The radius of the tracing

hours. The null hypothesis was that there would diamond tip was 5 um, and the measuring force
be no significant changes of surface roughness and speed were 4 mN and 0.5 m/s, respectively.
and surface characteristics of dental ceramics af- The surface roughness values (Ra, Rmax, Rz,

ter immersion in acidic agents.

Materials and Methods

Specimen preparations
In this study, four types of dental ceramics were

and Sm°% see Table 1) of each specimen were
obtained in five different positions (1.5 mm

apart). Four groups were immersed in 25 mL of
three acidic agents (citrate buffer solution, pH
4.99; green mango juice, pH 2.37; and pineapple

selected as representatives of the various ceramicjuice, pH 3.65) and deionized water (control) at

types available. The studied ceramics were VMK
95 (Lot No. 7530, VITA Zanhfabrik, Bad Sackin-

gen, Germany) feldspathic ceramic, Vitadur Al-
pha (Lot No0.7435, VITA Zanhfabrik) aluminous

ceramic, IPS Empress Esthetic (Lot No. JM0817,
Ivoclar Vivadent AG, Schaan, Liechtenstein) high
leucite ceramic, IPS e.max Ceram (Lot No.
583614, Ivoclar Vivadent) fluorapatite ceramic. A
total of 83 disc specimens (12 mm in diameter

Dental Research Journal (Vol. 8, No. 1, Winter 2011)

37°C for 168 hours. One group was immersed in
4% acetic acid, pH 2.45 at 80°C for 168 hours
(as modified from ISO 6879. The original pH

of each acidic agent was measured using a pH
meter (Orion model 900A, Orion Research Inc.,
Boston, MA, USA). Subsequently, the speci-
mens were rinsed with deionized water, blotted
dry and subjected to surface roughness testing at
intervals of 24, 96, and 168 hours.
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Table 1. Surface roughness parametérs

Ra The arithmetical average of surface heights
Rmax The magnitude of the peak-to-valley height in all cut-off lengths
Rz The average height difference between the ten highest peaks and ten lowest valleys within each cut-
off length
Sm The arithmetical average spacing between peaks at the mean line over the cut-off length
Surface topography analysis riance (ANOVA) was performed for each of the

Three specimens of each ceramic before immer- roughness parameters to assess the influence of
sion and three specimens from each of the acidic different storage agents and ceramics on the sur-
agents at 96 and 168 hours immersion (n = 33) face roughness. Tukey's HSD multiple comparison
were examined by a scanning electron microscopy was used in each of the parameters for comparison
(JSM 5800LV, JEOL, Tokyo, Japan) to evaluate among the five storage agents. Within-group anal-
the surface topography. The specimens were rinsedysis was compared between the baseline value and
with distilled water for 5 minutes, dried and fixed each time pointo=.0.05).

onto an aluminum cylinder (13 mm in diameter

and 10 mm in height). Consequently, the speci- Results

mens were spuiter-coated with a gold-palladium The results of two-way repeated ANOVA for each
alloy (SPI-Module sputter, SPI Supplies, West of the surface roughness parameters revealed sig-
Chester, PA, USA) and evaluated under SEM. nificant differences among five storage agents and
o _ among four ceramic materials (P < 0.001). All of
Statistical analysis the roughness parameters had no significant inte-

The data were statistically analyzed using SPSS ractions between the type of storage agents and
version 16. A two-way repeated analysis of va- geramics.

Table 2. Mean (standard deviation) values of roughness (Ra, Rmax, Rz, and Sm) of VITA VMK95 ceramic immersed in
various storage agents at different times

Rough- Storage agent Time (hours)
ness  pa- Before im- 24 96 168
rameter mersion
Ra (um) Deionized water 0.23 (0.09) 0.24 (0.08) 0.24 (0.12) 0.24 (0.07)°
Citrate buffer 0.24 (0.04) 0.25 (0.04) 0.32 (0.04)* 0.34 (0.06)*"
Green mangojuice 0.25 (0.05) 0.27 (0.12) 0.34 (0.08)* 0.36 (0.05)*"
Pineapple juice 0.24 (0.06) 0.25(0.03) 0.26 (0.06) 0.33 (0.04)*"
4% Acetic acid 0.25 (0.08) 0.27 (0.09) 0.38 (0.08)* 0.46 (0.05)*®
Rmax (um) Deionized water 5.58 (1.09) 5.59 (1.15) 5.59 (1.29) 5.60 (1.17)°
Citrate buffer 5.63 (1.03) 6.21 (1.19) 7.85 (1.05)* 8.52 (1.02)*"
Green mango juice 5.59 (1.12) 7.17 (1.18) 8.21 (1.05)* 9.07 (1.03)*"
Pineapple juice 5.62 (1.08) 6.15 (1.44) 7.94 (1.02)* 8.26 (1.15)*"
4% Acetic acid 5.64 (1.07) 8.11 (1.23) 9.94 (1.08)* 10.89 (0.87)*°
Rz (um) Deionized water 4.89 (1.21) 4.87 (0.81) 4.88 (0.93) 4.91 (1.02)°
Citrate buffer 5.02 (1.01) 5.13(1.12) 5.24 (0.91) 6.46 (1.03)*"
Green mango juice 4.91 (1.06) 4.95 (1.38) 6.03 (0.95)* 7.23 (1.06)*'b
Pineapple juice 4.95 (0.71) 4.97 (1.02) 5.02 (1.02) 6.73 (0.98)*"
4% Acetic acid 5.04 (0.98) 5.89 (1.13) 7.23 (1.03)* 9.86 (1.07)*°
Sm (mm) Deionized water 0.25 (0.05) 0.26 (0.21) 0.26 (0.15) 0.27 (0.13)"
Citrate buffer 0.24 (0.07) 0.27 (0.03) 0.28 (0.04) 0.29 (0.11)b
Green mango juice 0.27 (0.09) 0.28 (0.02) 0.34 (0.05)* 0.36 (0.07)*®
Pineapple juice 0.27 (0.08) 0.28 (0.01) 0.29 (0.04) 0.30 (0.05)b
4% Acetic acid 0.26 (0.05) 0.29 (0.05) 0.35 (0.05)* 0.38 (0.06)*°

* Indicates no significant difference between different storage times. Identical superscripted letters indicate no significant

differences among five storage agents (P < 0.05).
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Table 3. Mean (standard deviation) values of roughness (Ra, Rmax, Rz, and Sm) of Vitadur Alpha ceramic immersed in
various storage agents at different times

Roughness pa- Storage agent Time (hours)

rameter Before im- 24 96 168
mersion
Ra (um) Deionized water 0.24 (0.08) 0.24 (0.09) 0.24 (0.11) 0.24 (0.07)°
Citrate buffer 0.25 (0.07) 0.26 (0.05) 0.33 (0.05)* 0.34 (0.07)*"
Green mango juice 0.24 (0.08) 0.27 (0.12) 0.33(0.11)* 0.36 (0.05)*’b
Pineapple juice 0.25 (0.09) 0.25(0.03) 0.26 (0.06) 0.33 (0.07)*"
4% Acetic acid 0.25 (0.07) 0.29 (0.08) 1.09 (0.08)* 1.45 (0.06)**
Rmax (um) Deionized water 5.47 (1.10) 5.48 (1.08) 5.49 (1.21) 5.49 (1.09)°
Citrate buffer 5.46 (1.08) 6.15 (1.08) 7.72(1.10)* 8.43 (1.03)*"
Green mango juice 5.50 (1.09) 7.05 (1.03) 8.19 (1.04)* 8.87 (1.04)*’b
Pineapple juice 5.52 (1.11) 6.12 (1.26) 7.85 (1.05)* 8.35 (1.15)*’b
4% Acetic acid 5.49 (1.06) 7.04 (1.15) 11.57 (1.04)*  14.75 (1.06)**
Rz (um) Deionized water 491 (1.13) 4.89 (0.85) 491 (1.01) 4.92 (1.04)°
Citrate buffer 4.97 (0.96) 5.04 (1.12) 5.19 (0.91) 6.74 (1.02)*"
Green mango juice 5.01 (1.03) 5.11 (1.38) 6.12 (0.96)* 7.35 (1.05)*’b
Pineapple juice 4.85 (0.87) 4.98 (1.01) 5.11 (1.02) 6.82 (0.87)*’b
4% Acetic acid 5.06 (1.05) 5.92 (1.10) 9.54 (1.06)* 10.78 (1.02)*°
Sm (mm) Deionized water 0.26 (0.08) 0.26 (0.10) 0.27 (0.12) 0.27 (0.09)b
Citrate buffer 0.25 (0.06) 0.26 (0.04) 0.28 (0.05) 0.30(0.12)°
Green mango juice 0.26 (0.08) 0.28 (0.03) 0.35 (0.07)* 0.35 (0.09)*’b
Pineapple juice 0.27 (0.07) 0.27 (0.03) 0.29 (0.05) 0.31 (0.06)b
4% Acetic acid 0.27 (0.06) 0.29 (0.06) 0.42 (0.05)* 0.52 (0.06)*°

* Indicates no significant difference between different storage times. Identical superscripted letters indicate no significant
differences among five storage agents (P < 0.05).

The surface roughness values for Ra, Rz, Rmax 0.001) of all of the ceramics evaluated. There was
and Sm parameters of the studied ceramics in defe-no significant difference for Sm in 4% acetic acid
rent storage media and storage times were shown inand green mango juice of VMK 95, Empress Esthet-
Tables 2-5. Baseline values (before immersion) ic, and IPS e.max Ceram. Among all studied ceram-
were recorded in order to verify the initial surface ics, Vitadur Alpha showed significantly the greatest
roughness which found not to be any significant values of all surface roughness parameters after
differences among all groups. Ra, Rz and Rmax immersion in 4% acetic acid (P < 0.001) while in
were significantly increased after 168 h immersion other acidic agents, there was no significant differ-
in all acidic storage agents (P< 0.05). There were ence for all surface roughness parameters among all
significant differences for Ra, Rmax, Rz and Sm studied ceramics.
after 168 h in 4% acetic acid from other groups (P < SEM photomicrographs of the studied ceramics,

Dental Research Journal (Vol. 8, No. 1, Winter 2011) 9
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before immersion and after 168 hours of immersion roughening patterns. The gradual degradation of
periods in different storage agents are presented inspecimen surfaces was observed; an increase of po-
Figures 1-4. Before immersion, all of the ceramics rosities corresponded with increasing immersion
tested showed mostly smooth surfaces, with small times. The largest defects were found when Vitadur
and little porosities. After exposure to all acidic Alpha was immersed in 4% acetic acid (Figure 2f ).
agents and even deionized water, there were surfaceFor IPS e.max Ceram, fluorapatite crystals could be
changes in various degrees. Immersion in 4% acetic observed before immersion, but disappeared after
acid of all of the ceramics tested showed the most immersion (Figure 4).

Table 4. Roughness (Ra, Rmax, Rz, and Sm), mean and standard deviation values of IPS Empress Esthetic ceramic
immersed in various storage agents at different times

Roughness pa- Storage agent Time (hours)

rameter

Before_ im- 24 96 168
mersion

Ra (um) Deionized water 0.22 (0.08) 0.23 (0:07) 0.24 (0.09) 0.24 (0.04)°
Citrate buffer 0.23 (0.06) 0.24 (0.05) 0.31 (0.04)* 0.35 (0.07)*"
Green mango juice 0.24 (0.06) 0.26 (0.09) 0.32 (0.11)* 0.37 (0.08)*'b
Pineapple juice 0.23 (0.08) 0.24 (0.05) 0.27 (0.05) 0.34 (0.06)*"
4% Acetic acid 0.24 (0.07) 0.27 (0.07) 0.37 (0.07)* 0.48 (0.07)*®

Rmax (um) Deionized water 5.47(1.02) 5.47 (1.06) 5.49 (1.18) 5.49 (0.96)°
Citrate buffer 5.52 (0.97) 6.42 (1.07) 7.86 (1.04)* 8.52 (1.03)*"
Green mango juice 5.49(1.02) 7.16 (1.03) 8.21 (0.95)* 9.07 (1.05)*'b
Pineapple juice 5.51 (1.05) 6.39 (1.12) 7.94 (1.12)* 8.26 (1.11)*’b
4% Acetic acid 5.53 (1.03) 7.42 (1.01) 9.85(1.06)*  10.72 (0.85)*°

Rz (um) Deionized water 4.82 (1.12) 4.82 (0.87) 4.83 (1.01) 4.83 (1.05)°
Citrate buffer 4,91 (1.03) 5.03 (1.06) 5.26 (0.89) 6.25 (1.07)*"
Green mango juice 4.89 (1.05) 4.98 (1.17) 6.07 (0.94)* 7.05 (1.08)*"
Pineapple juice 4.93 (0.92) 4.97 (1.14) 5.22 (1.06) 6.33 (0.96)*"
4% Acetic acid 5.01 (0.96) 5.76 (1.12) 7.36 (0.92)* 9.69 (1.04)*®

Sm (mm) Deionized water 0.23 (0.04) 0.23(0.11) 0.24 (0.12) 0.25 (0.12)bp

Citrate buffer 0.24 (0.03) 0.25 (0.03) 0.28 (0.06) 0.29 (0.07)°
Green mango juice 0.26 (0.07) 0.28 (0.02) 0.34 (0.03)* 0.36 (0.06)*°

Pineapple juice 0.25 (0.06) 0.27 (0.04) 0.28 (0.04) 0.30 (0.05)b
4% Acetic acid 0.24 (0.04) 0.28 (0.03) 0.35 (0.06)* 0.37 (0.07)*®

* Indicates no significant difference between different storage times. Identical superscripted letters indicate no signifi-

cant differences among five storage agents (P < 0.05).
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Table 5. Roughness (Ra, Rmax, Rz, and Sm), mean and standard deviation values of IPS e.max Ceram ceramic im-

mersed in various storage agents at different times

Roughness Storage agent Time (hours)
parameter Before im- 24 96 168
mersion
Ra (um) Deionized water 0.24 (0.08) 0.24 (0.07) 0.25(0.13) 0.25 (0.06)°
Citrate buffer 0.25 (0.06) 0.25 (0.05) 0.32 (0.05)* 0.34 (0.06)*"
Green mango juice 0.24 (0.08) 0.26 (0.11) 0.33 (0.09)* 0.36 (0.04)*'b
Pineapple juice 0.24 (0.05) 0.25 (0.05) 0.30 (0.06) 0.33 (0.08)*"
4% Acetic acid 0.25 (0.07) 0.27 (0.08) 0.39 (0.05)* 0.46 (0.07)**
Rmax (um) Deionized water 5.51 (0.92) 5.51 (1.04) 5.52 (1.12) 5.52 (1.03)°
Citrate buffer 5.49 (1.01) 6.14 (1.08) 7.58 (1.05)* 8.45 (1.06)*"
Green mango juice 5.48 (1.07) 7.03 (1.21) 8.13 (1.06)* 9.05 (1.01)*’b
Pineapple juice 5.52 (1.05) 6.45 (1.35) 7.49 (0.92)* 8.37 (1.12)*"
4% Acetic acid 5.54 (1.17) 8.04 (1.13) 9.85 (1.08)* 10.91 (1.04)*°
Rz (um) Deionized water 4,95 (1.12) 4.95(0.83) 4.96 (0.97) 4.96 (1.04)°
Citrate buffer 4,97 (1.03) 5.21 (1.12) 5.25 (0.99) 6.62 (1.03)*"
Green mango juice 5.01 (1.07) 5.09 (2.21) 6.05 (0.84)* 7.14 (0.96)*‘b
Pineapple juice 4.89 (0.93) 5.13(1.02) 5.22 (1.04) 6.75 (1.04)*"
4% Acetic acid 5.02 (1.04) 5.86 (1.03) 7.65 (0.91)* 9.82 (1.03)*°
Sm (mm) Deionized water 0:25 (0.07) 0.26 (0.12) 0.26 (0.09) 0.27 (0.09)b
Citrate buffer 0.26 (0.05) 0.27 (0.05) 0.28 (0.06) 0.29 (0.07)°
Green mango‘juice 0.24 (0.06) 0.28 (0.03) 0.34 (0.05)* 0.35 (0.07)*®
Pineapple juice 0.26 (0.05) 0.27 (0.06) 0.29 (0.05) 0.29 (0.04)°
4% Acetic acid 0.27 (0.07) 0.29 (0.04) 0.34 (0.06)* 0.37 (0.05)**

* Indicates no significant difference between different storage times. Identical superscripted letters indicate no signifi-
cant differences among five storage agents (P < 0.05).

Figure 1. Scanning electron microscope photomicrographs of VITA VMK95 (a) before immersion, and after immer-
sion in (b) deionized water, (c) citrate buffer solution, (d) green mango juice, (e) pineapple juice, and (f) 4% acetic acid
for 168 hours. Original magnification2000.
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Figure 2. Scanning electron microscope potomicrographs of Vitadur Alpha () before immersion, and after immersion
in (b) deionized water, (c) citrate buffer solution, (d) green mango juice, (e) pineapple juice, and (f) 4% acetic acid for
168 hours. Original magnification 2000.

Figure 3. Scanning electron microsope hoomicrographs ofIPS EpressEsthetic (a) before immersion, and after
immersion in (b) deionized water, (c) citrate buffer solution, (d) green mango juice, (e) pineapple juice, and (f) 4% acet-
ic acid for 168 hours. Original magnificatier2000.

Figure 4. Scanning electron microscope photomicrographs of IPS e.max Ceram (a) before immersion, and after immer-
sion in (b) deionized water, (c) citrate buffer solution, (d) green mango juice, (e) pineapple juice, and (f) 4% acetic acid
for 168 hours. Original magnification2000.

_ _ ceramics tested. In oral cavity, the ceramic restora-
Discussion tive materials would be exposed to the various tem-
The results of the present study support rejecting the perature and acidic-base changes from food and be-
null hypothesis since the acidic agents used and verages. Hence, the ceramic materials should resist
even deionized water caused rough surfaces to theor have only little changes in these environments.

12 Dental Research Journal (Vol. 8, No. 1, Winter 2011)
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Previous studies have reported a clinical service life additional roughness parameters, Rmax, Rz, and
of metal-ceramic restorations up to 20 yéaf&The Sm, including photomicrographs of SEM. Rmax
speed of the degradation process was accelerated byand Rz represented the amplitude parameter in the
increasing the aggressiveness of the agent comparedrertical axis which showed how the depth of degra-
with intraoral conditions. Therefore, a long immer- dation was. Sm showed the average spacing be-
sion time was used in this study as an alternative for tween the peaks which presented how the width of
demonstrating the extensive effect of acidic solu- alteration was. The combination of quantitative
tions. The 168 hours used here is comparable to 22measurements and qualitative data by microscopy
years of immersion in artificial saliva at 22°C. supports a qualitative value in three dimensions of
The results of roughness values in the present the surface tested® As seen from the roughness
study demonstrated that none of the ceramics eva-results of the present study along with SEM photo-
luated were found to be chemically inert. A very graphs, it was clearly showed that 4% acetic acid
low level of roughness or degradation occurred even significantly caused rough surfaces to the ceramics
in a neutral agueous condition (the deionized water) evaluated in all dimensions (P < 0.05). In addition,
as observed on SEM photomicrographs, although roughness measurements achieved from relatively
there was no significant difference in surface rough- short scans may not be representative of the whole
ness. The two dominant mechanisms have been ex-surface. Therefore, many measuring scans are re-
plained for this degradation procéssirstly, the quired when using a profilometer. It was shown in
selective leaching of alkali ions, and secondly, the the present study that the roughness values of the
dissolution of the ceramic silicate network (Si-O- ceramics corresponded with those of other stu-
Si). These mechanisms are controlled by the diffu- dies®**"**Regarding the types of studied ceramics,
sion of hydrogen ions or hydronium ions;(H) Vitadur Alpha revealed the greatest degradation
from an aqueous solution into the ceramic and loss after immersion in 4% acetic acid. This result
of alkali ions from the ceramic surface into an seemed to show that alumina crystals in Vitadur
aqueous solution to maintain electrical neutrdlity.. Alpha had the least durability compared with leucite
The results in rough surfaces are seen on SEM pho-crystals in IPS Empress Esthetic and VMK 95 and
tomicrographs and roughness values in this study. fluorapatite crystals in IPS e.max Ceram. Leucite
Contact and non-contact methods are currently and fluorapatite crystals appeared to have a compa-
used for surface roughness measurerflehon- rable durability. However, further study is required
contact methods use a light beam or a laser beam toto support this result.
obtain a surface profile. One of the disadvantages of  Previous studies have documented that increas-
this method is that shiny surfaces are sometimesing surface roughness of ceramics may decrease
difficult to measure due to the scattering effect of strength>*® Another study also reported that the
the reflected light. This can cause false values being critical mean Ra for the adhesion and colonization
documented® Therefore, a contact method with a of bacteria on restorative materials was 0.2°fim.
profilometer was used.in the present study. Al- This value is equivalent to the Ra value of ceramics
though it has been claimed that when using this con- evaluated in this study before immersion. The in-
tact method, the stylus tip may damage or alter the creasing surface roughness of the studied ceramics
surfaces tested,the results of this study as seen on may cause bacterial colonization, strength reduction
the SEM showed that this method did not cause any of the ceramics evaluated, and would result in clini-
damage to ceramic surfaces. There were no cal failure of ceramic restorations.
scratches observed on the SEM because the measur- Green mangoes and pineapples are favorite sour
ing force applied by the stylus tip was 4 mN, which fruits in many Asian countries. They consist of citric
was very little. acid, which has been reported as a harmful acid that
The Ra value is the most commonly used rough- can cause dental erosioif> This citric acid might
ness parameter in both dentistry and engineéting. affect a change to the surface roughness of ceramics
Nevertheless, the Ra value is limited by the two- due to its chelating effe€tThis effect takes place
dimensional aspect, providing only information on by complex binding of citrate molecules (as chelat-
the average roughness height, and also giving noing acids) to dissolved metal ions of ceramics in
information at all on the surface profffeTo clearly acidic agents, and results in more ion dissolution of
demonstrate given this limitation, this study used ceramics to maintain electrical neutrafityAcetic
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acid is the acid used for chemical stability testing in
accordance withSO standard 6872 Acetic acid is
a weak organic acid, however, it is fairly corrosive
to ceramics because of its chelating effe&tsimi-
lar effect has been found in citric acid.

This investigation was an in vitro study and the
different oral conditions such as salVayater, the

pH level, and temperature changes may affect the
results. Therefore, further studies are required to
elaborate the effect of acidic agents on dental ce-

ramics in vivo.

Conclusion
Within the limitations of this in vitro study, it can be

concluded that the surface roughness of the eva-

Simon E. Surface corrosion of dental ceramics in vi-
tro. Biomaterials 1999; 20(8): 733-46.

9. Kukiattrakoon B, Junpoom P, Hengtrakool C. Vick-
er's microhardness and energy dispersive x-ray anal-
ysis of fluorapatite-leucite and fluorapatite ceramics
cyclically immersed in acidic agents. J Oral Sci
2009; 51(3): 443-50.

10.Demirhanoglu ST, Sahin E. Effects of topical fluo-
rides and citric acid on overglazed and autoglazed
porcelain surfaces. Int J Prosthodont 1992; 5(5):
434-40.

11.Clayton JA, Green E. Roughness of pontic materials
and dental plaque. J Prosthet Dent 1970; 23(4): 407-11.

12.de Jager N, Feilzer AJ,.Davidson CL. The influence
of surface roughness on porcelain strength. Dent
Mater 2000; 16(6): 381-8.

acidic agents tested, citrate buffer solution, green
mango juice, pineapple juice, and 4% acetic acid at

80°C for 168 hours. This fact should be taken into
consideration when restoring the affected tooth with

ceramic restorations in patients who have a high risk ;5

of erosive conditions.
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