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Effect of different surface treatments and thermomechanical
aging on the ion elution of CAD-CAM materials
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CT
of problem. Dental ceramics have been reported to elute ions when subjected to nonneutral pH. However, the effect of surface
and thermomechanical aging on the ion elution of CAD-CAM ceramics is unclear.

he purpose of this in vitro study was to compare the effect of surface treatment (glazed or polished) and thermomechanical aging
elution of CAD-CAM materials before and after 2-body wear simulation.

nd methods. Specimens were prepared from 6 CAD-CAM materialsdleucite (LC), feldspathic (FP), zirconia-reinforced lithium
S), lithium disilicate (LDS) glass-ceramics, polymer-infiltrated ceramic network (PICN), and zirconia (ZIR)dand divided into 2
ording to the surface treatments (glazed or polished) (n=6). For baseline ion elution values, specimens were placed into
e bottles containing deionized water (pH 7.4) that had been stored in an incubator for 168 hours at 37 �C. The eluted ions in
sion solution were measured by using inductively coupled plasma-optic emission spectrophotometry. The specimens were then
to thermomechanical aging by using human enamel as an antagonist. After aging, the ion elution of the specimens was
d. Ion elution data before and after 2-body wear were analyzed by using the Mann-Whitney U test, while the effect of 2-body
ssessed by using the Wilcoxon signed rank test (a=.05).

e presence of some ions varied depending on the material-surface treatment pair before (Al, As, B, Ba, Ca, K, Li, Mg, Na, P, and Zn)
l, B, Ba, Ca, Co, Li, Mg, and P) 2-body wear. Polished materials had higher ion elution than the glazed materials before 2-body wear
xcept for LC (P and Zn) and PICN (Ca, Cu, and K) (P�.009). After 2-body wear, polished LC (B and Ba), FP (Al, B, and Mg), ZLS (Al, Ba,
ZIR (B and Ba), glazed PICN (Ca, Mg, and P), ZLS (P), and ZIR (Co) presented higher ion elution than their counterparts (P�.041). The
body wear on the ion elution of polished LC (Al, K), FP (Na), ZLS (Li), LDS (K, Na), PICN (Al, Na), ZIR (Na, Y), glazed LC (Na), FP (Ba, Na),
Y), LDS (Na), PICN (Y), and ZIR (Na) was nonsignificant (P�.075). However, the elution of remaining ions showed a significant
before and after 2-body wear (P�.046).

s. The chemical stability of tested CAD-CAM materials was affected by the 2-body wear. Glazing led to a lower ion elution except
d PICN. While polishing resulted in lower ion elution for PICN, both surface treatments resulted in similar ion elution for LDS. (J
ent 2022;-:---)
Rough restoration surfaces may lead to biological or
mechanical complications.1-3 Therefore, either glazing or
polishing2 is essential for a smooth surface.4
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Table 1. Agency for toxic substances and disease registry minimal risk
levels (MRLs)dMarch 2021

Element Duration Route Minimal Risk Levels (MRLs)

Aluminum Intermediate Oral 1 mg/kg/d

Chronic

Arsenic Acute Oral 0.005 mg/kg/d

Chronic 0.0003 mg/kg/d

Barium Intermediate Oral 0.2 mg/kg/d

Beryllium Chronic Oral 0.002 mg/kg/d

Boron Acute Oral 0.2 mg/kg/d

Cadmium Intermediate Oral 0.0005 mg/kg/d

Chronic 0.0001 mg/kg/d

Chromium Intermediate Oral 0.005 mg/kg/d

Chronic 0.0009 mg/kg/d

Cobalt Intermediate Oral 0.01 mg/kg/d

Copper Acute Oral 0.01 mg/kg/d

Intermediate

Zinc Intermediate Oral 0.3 mg/kg/d

Chronic

Clinical Implications
For lower ion elution, clinicians should polish
polymer-infiltrated ceramic network restorations
and glaze the tested glass-ceramics and zirconia.
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however, a consensus on the optimal method is
lacking.5

Ceramics are considered minimally soluble,6,7 yet
their susceptibility to chemical degradation has been re-
ported.8-13 Chemical degradation may result in a coarse
surface that leads to plaque accumulation and antagonist
wear.9,11,14 The chemical durability of ceramics is influ-
enced by material composition, the chemical character-
istics of the liquid environment, exposure time, and
temperature.10,12 However, the dissolution of materials
depends on chemical and mechanical factors;8 an in-
crease in ion elution of ceramics after intraoral use has
been reported.15 Ceramics possess varying chemical
properties, so inertness should not be generalized.16

The elution of alkaline ions is responsible for the
chemical degradation of ceramics.9,14,16 Alkaline ions are
considerably less stable when present in the glassy phase
rather than in the crystalline phase.8 The Agency for
Toxic Substances and Disease Registry (Atlanta, Georgia,
USA) lists various toxic materials,17 and the list includes
some of the ions present in commonly used restorative
materials (Table 1). Considering the possible toxic effects
of these ions, the ion elution from different ceramics
should be evaluated.12

The chemical degradation and ion release of ceramics
immersed in solutions has been investigated,6,11,12,18,19

and they are also subjected to cyclic immersion.20,21

However, the authors are unaware of studies on the ef-
fect of 2-body wear on the ion elution of monolithic
CAD-CAM ceramics. The purpose of this in vitro study
was to investigate the effect of surface treatment (glazed
or polished) and thermomechanical aging on the ion
elution of CAD-CAM materials before and after 2-body
wear simulation. The null hypotheses were that the
surface treatment type (glazed or polished) would not
affect ion elution before or after the 2-body wear test and
that no difference would be found in ion elution from
material-surface treatment pairs before and after 2-body
wear.
MATERIAL AND METHODS

Six types of monolithic CAD-CAM materials (leucite [LC,
IPS Empress CAD; Ivoclar AG], feldspathic [FP, CEREC
Blocks C; Dentsply Sirona], zirconia-reinforced lithium
silicate [ZLS, VITA SUPRINITY PC; VITA Zahnfabrik],
lithium disilicate [LDS, IPS e.max CAD; Ivoclar AG],
THE JOURNAL OF PROSTHETIC DENTISTRY
glass-ceramics; polymer-infiltrated ceramic network
[PICN, VITA ENAMIC; VITA Zahnfabrik], and zirconia
[ZIR, LAVA Plus Zirconia; 3M ESPE]) (n=12) (Table 2)
were chosen to represent the commonly used ceramic
types. The ceramics were wet-sliced from CAD-CAM
blocks (Vari/cut VC-50; Leco Corp) in 2-mm thick-
nesses. According to the manufacturers’ recommenda-
tion, ZIR specimens were cut 20% thicker and sintered
(Programat S1 1600; Ivoclar AG).22 LDS and ZLS speci-
mens were ultrasonically cleaned in distilled water (Ul-
tracleaner 07-08; Eltrosonic GmbH) and crystallized
(Programat EP5000; Ivoclar AG).23 All specimens were
wet-polished with silicon carbide abrasive papers (600#;
Leco Corp). The specimens were divided into 2 sub-
groups according to the applied surface treatment (glazed
or polished). All surface treatments were performed on 1
side of the specimens by the same clinician (G.Ç.).

In the glazed groups (n=6), a thin layer of
manufacturer-recommended glaze material was applied
on specimens from the same distance until a whitish
layer was achieved, except for PICN. ZIR, ZLS, and FP
(VITA AKZENT Plus Glaze LT Spray; VITA Zahnfabrik)
specimens were glaze-fired at 800 �C for 60 seconds,
while LC and LDS (IPS e.max CAD Crystall./Glaze
Spray; Ivoclar AG) specimens were glaze-fired at 770 �C
for 90 seconds.22,23 The PICN specimen surfaces were
etched with 5% hydrofluoric acid gel (VITA Ceramics
Etch; VITA Zahnfabrik) for 60 seconds, rinsed, and air-
dried. A silane coupling agent (VITA ADIVA C-PRIME;
VITA Zahnfabrik) was applied for 60 seconds and air-
dried. Then, a thin layer of glaze material (VITA ENAMIC
GLAZE; VITA Zahnfabrik) was applied and light-
polymerized for 60 seconds (800 mW/cm2, Bluephase C8;
Ivoclar AG). All specimens were measured with digital
calipers (Model number NB60; Mitutoyo) for adequate
Sert et al



Table 2.Materials tested

Material Classification Code

Chemical

ManufacturerComposition

IPS Empress CAD Leucite glass-ceramic LC SiO2: 60%-65% Ivoclar AG

Al2O3: 16%-20%

K2O: 10%-14%

Na2O: 3.5%-6.5%

Other oxides: 0.5%-7%

Pigments: 0.2%-1%

CEREC Blocks C Feldspathic glass-ceramic FP SiO2: 56%-64% Dentsply Sirona

Al2O3: 20%-23%

Na2O: 6%-9%

K2O: 6%-8%

CaO: 0.3%-0.6%

TiO2: 0%-0.1%

VITA SUPRINITY PC Zirconia-reinforced lithium
silicate glass-ceramic

ZLS SiO2: 56%-64% VITA Zahnfabrik

Li2O: 15%-21%

K2O: 1%-4%

P2O5: 3%-8%

Al2O3: 1%-4%

ZrO2: 8%-12%

CeO2: 0%-4%

La2O3: 0.1%

Pigments: 0%-6%

IPS e.max CAD Lithium disilicate glass-ceramic LDS SiO2: 57%-80% Ivoclar AG

Li2O: 11%-19%

K2O: 0%-13%

P2O5: 0%-11%

ZrO2: 0%-8%

ZnO: 0%-8%

Al2O3: 0%-5%

MgO: 0%-5%

Coloring oxides: 0%-8%

VITA ENAMIC Polymer-infiltrated ceramic network PICN SiO2: 58%-63% VITA Zahnfabrik

Al2O3: 20%-23%

Na2O: 9%-11%

K2O: 4%-6%

B2O3: 0.5%-2%

ZrO2: <1%

CaO: <1%

UDMAeTEGDMA: 14%

LAVA Plus Zirconia 3-Mol% yttria partially-stabilized zirconia
polycrystalline ceramic (3Y-PSZ)

ZIR ZrO2+HfO2+Y2O3: �99% 3M ESPE

Y2O3: >4.5%-�6.0%

HfO2: �5%

Al2O3: �0.5%

Other oxides: �0.95%

VITA AKZENT Plus Glaze
LT Spray

Glaze material e Isobutane: 75%-<80% VITA Zahnfabrik

Ethanol, ethyl alcohol: 5%-<10%

IPS e.max CAD Crystall./
Glaze Spray

Glaze material e Isobutane: 25%-50% Ivoclar AG

Propan-2-ol: 10%-<25%

Nonhazardous ingredients: to 100%

VITA ENAMIC GLAZE Glaze material e Methyl methacrylate VITA Zahnfabrik

2-Propenoic acid

Reaction product with pentaerythrite

Diphenyl(2,4,6-trimethylbenzoyl)
phosphine oxide

- 2022 1.e3
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glaze thickness (200 ±12 mm) before and after glaze ap-
plications.24 In the polished groups (n=6), a low-speed
handpiece and a diamond polishing paste (OptraFine
HP Polishing Paste; Ivoclar AG) were used.23

Manufacturer-recommended 2-stage polishing assort-
ments were used for PICN (VITA ENAMIC Polishing Set
Technical; VITA Zahnfabrik) and ZIR, FP, and ZLS (VITA
SUPRINITY Polishing Set Technical; VITA Zahnfabrik)
specimens. The manufacturer-recommended 3-stage
polishing assortment (OptraFine Assortment; Ivoclar
AG) was used for the LC and LDS specimens.23 All
specimens were checked for final thickness and ultra-
sonically cleaned in distilled water for 15 minutes.

Custom-made plastic molds were fabricated to fix the
specimens in the lower part of the mastication simulator.
The specimens were ultrasonically cleaned (10 minutes)
(Ultracleaner 07-08; Eltrosonic GmbH), embedded in
molds with an autopolymerizing acrylic resin (Meliodent;
Kulzer GmbH), and stored in distilled water (37 �C for 24
hours).25 For enamel antagonists, caries-free maxillary
human first molars without wear, fractures, or sharp
cusps were collected (Istanbul Aydın University Clinical
Researches Local Ethic Committee, ethical record no
480.2/065), cleaned with an ultrasonic scaler, and stored
in 0.05% thymol and distilled water until use.26 The
mesiobuccal cusps were wet-sectioned with a low-speed
handpiece and fixed in the center of the prefabricated
metal screw holders of the mastication simulator with the
same autopolymerizing acrylic resin. The approximate
height of the cusps was 2 mm.27,28 The tips of the
mesiobuccal cusps were then slightly adjusted to a
spherical shape with a diamond rotary instrument (801-
314-018-C; Coltène AG)26-28 and wet-ground with 2400-
grit silicon carbide paper (Leco Corp). A total of 72
enamel antagonists were divided into 12 groups of
material-surface treatment pairs (n=6). Wear simulation
was performed by using a dual-axis computer-controlled
mastication simulator (Chewing Simulator; Esetron
Smart Robotechnologies). Enamel antagonists were fixed
to the upper sample holder, and CAD-CAM specimens
were fixed to the lower sample holder of the mastication
simulator. Mechanical loading and thermomechanical
cycling were performed simultaneously. A vertical load of
49 N was applied with 1.67-Hz frequency, 0.7-mm lateral
movement, 60-mm/s vertical and lateral sliding speed for
250 000 cycles,29,30 and 1000 thermocycles (60 seconds
holding time, 15 seconds transfer time, 5 �C and 55 �C).30

The total time of contact between the enamel antagonist
and the specimen was 330 milliseconds, while the con-
tact time during the sliding motion was 120 milliseconds.

Baseline measurements were performed before fixing
the specimens in the molds, which were fabricated for
chewing simulation. For ion elution, CAD-CAM speci-
mens were placed into polyethylene bottles with 20-mL
deionized water (pH 7.4), and the bottles were sealed
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with a screw cap. The bottles were then placed in an
incubator (Memmert, model BE500; Memmert GmbH)
for 168 hours of immersion (37 �C).9,11,12,19 This im-
mersion time has been reported to simulate the clinical
lifetime of metal-ceramic restorations.31,32 The specimens
were immersed in the solution and then removed from
the bottles. Inductively coupled plasma-optic emission
spectrophotometry (ICP-OES) (Spectro Genesis; Spectro
Analytical Instruments GmbH) was used for the static
immersion test method to analyze the concentration of
the ions transferred (mg/kg) to the immersion solution.33

All measurements were repeated 3 times by the same
operator (M.S.), and the mean values were recorded. The
ions measured were aluminum (Al), arsenic (Ar), barium
(Ba), beryllium (Be), boron (B), cadmium (Cd), calcium
(Ca), chromium (Cr), cobalt (Co), copper (Cu), lithium
(Li), magnesium (Mg), oxygen (O), phosphorus (P), po-
tassium (K), silicon (Si), sodium (Na), titanium (Ti),
yttrium (Y), zinc (Zn), and zirconium (Zr). After the 2-
body wear test, ion elution measurements were
repeated by using the same protocol. Scanning electron
microscope (SEM) images of 1 specimen of each
material-surface treatment combination were made (LEO
440; Zeiss) at ×700 magnification to observe the surface
topography before and after wear simulation.

The data were analyzed with a statistical software
program (IBM SPSS Statistics, v25.0; IBM Corp). The
Kolmogorov-Smirnov test was used to analyze the
normality of the data. The ion elution values (mg/kg) of
each material-surface treatment pair were analyzed
independently by the Mann-Whitney U test both before
and after the 2-body wear test. For each material-surface
treatment group, ion elution values before and after the
2-body wear test were compared by using the Wilcoxon
signed rank test (a=.05).
RESULTS

The Be elution values of all material-surface treatment
pairs before (0.065 mg/kg) and after 2-body wear (0.062
mg/kg) were nonsignificant. Therefore, Be was excluded
from the statistical analysis. Mean values and standard
deviations (mg/kg) of ions before and after 2 body-wear
are shown in Table 3. Significant differences were
observed in some elements (Al, As, B, Ba, Ca, Cu, K, Li,
Mg, Na, P, and Zn) in each material-surface treatment
pair before 2-body wear. Polished LC (Al, B, Ca, and K,
P=.002), FP (Al, As, B, and Ba, P�.026), ZLS (Al, B, Ba, Li,
Mg, Na, P, and Zn, P�.041), PICN (Mg, P=.004), ZIR (Ba,
P=.002), and LDS (Li and P, P=.041) showed higher ion
elution than their glazed groups for the ions given in
parentheses. Glazed LC (P and Zn, P=.002) and PICN
(Ca, Cu, and K, P�.009) had higher ion elution than their
polished groups. After 2-body wear, significant differ-
ences were seen in some of the elements (Al, B, Ba, Ca,
Sert et al



Table 3. Ion elution values (mg/kg) of ions before and after 2-body wear for each material-surface treatment pair

Ion
Surface

Treatment Wear LC FP ZLS LDS PICN ZIR

Al G BW 0.042 ±0.001a* 0.053 ±0.004a* 0.045 ±0.001a* 0.041 ±0.001a* 0.046 ±0.002a* 0.041 ±0.001a*

AW 0.045 ±0.002Aǂ 0.047 ±0.001Aǂ 0.058 ±0.005Aǂ 0.050 ±0.005Aǂ 0.049 ±0.002Aǂ 0.046 ±0.002Aǂ

P BW 0.047 ±0.001b* 0.059 ±0.005b* 0.050 ±0.003b* 0.043 ±0.003a* 0.048 ±0.001a* 0.041 ±0.001a*

AW 0.047 ±0.001A* 0.052 ±0.004Bǂ 0.066 ±0.007Bǂ 0.047 ±0.001Bǂ 0.046 ±0.003B* 0.045 ±0.001Bǂ

As G BW 0.046 ±0.001a* 0.046 ±0.000a* 0.046 ±0.001a* 0.046 ±0.000a* 0.046 ±0.000a* 0.046 ±0.000a*

AW 0.003 ±0.001Aǂ 0.034 ±0.001Aǂ 0.033 ±0.001Aǂ 0.034 ±0.001Aǂ 0.033 ±0.001Aǂ 0.033 ±0.001Aǂ

P BW 0.046 ±0.001a* 0.046 ±0.001b* 0.046 ±0.001a* 0.046 ±0.001a* 0.046 ±0.001a* 0.046 ±0.000a*

AW 0.034 ±0.001Aǂ 0.033 ±0.000Aǂ 0.033 ±0.001Aǂ 0.033 ±0.001Aǂ 0.033 ±0.001Aǂ 0.034 ±0.001Aǂ

B G BW 0.041 ±0.001a* 0.047 ±0.003a* 0.016 ±0.010a* 0.051 ±0.002a* 0.053 ±0.001a* 0.048 ±0.004a*

AW 0.008 ±0.003Aǂ 0.015 ±0.002Aǂ 0.030 ±0.028A* 0.016 ±0.002Aǂ 0.019 ±0.002Aǂ 0.016 ±0.001Aǂ

P BW 0.051 ±0.002b* 0.051 ±0.002b* 0.049 ±0.004b* 0.051 ±0.003a* 0.053 ±0.001a* 0.053 ±0.002a*

AW 0.018 ±0.001Bǂ 0.018 ±0.002Bǂ 0.016 ±0.001Bǂ 0.018 ±0.002Aǂ 0.019 ±0.002Aǂ 0.020 ±0.001Bǂ

Ba G BW 0.061 ±0.003a* 0.056 ±0.004a* 0.049 ±0.007a* 0.067 ±0.001a* 0.066 ±0.001a* 0.065 ±0.000a*

AW 0.054 ±0.001Aǂ 0.056 ±0.001A* 0.042 ±0.007A* 0.056 ±0.001Aǂ 0.057 ±0.001Aǂ 0.055 ±0.001Aǂ

P BW 0.064 ±0.001a* 0.065 ±0.002b* 0.067 ±0.001b* 0.066 ±0.004a* 0.066 ±0.002a* 0.067 ±0.000b*

AW 0.057 ±0.001Bǂ 0.056 ±0.000Aǂ 0.055 ±0.001Bǂ 0.055 ±0.002Aǂ 0.057 ±0.001Aǂ 0.057 ±0.001Bǂ

Ca G BW 0.990 ±0.007a* 1.196 ±0.309a* 1.141 ±0.149a* 1.127 ±0.149a* 2.532 ±0.889a* 1.336 ±0.430a*

AW 0.545 ±0.238Aǂ 0.258 ±0.102Aǂ 0.453 ±0.128Aǂ 0.379 ±0.266Aǂ 0.621 ±0.354Aǂ 0.342 ±0.209Aǂ

P BW 1.181 ±0.125b* 1.100 ±0.218a* 1.361 ±0.249a* 1.323 ±0.432a* 1.133 ±0.113b* 1.441 ±0.790a*

AW 0.293 ±0.063Aǂ 0.424 ±0.160Aǂ 0.736 ±0.227Bǂ 0.550 ±0.172Aǂ 0.306 ±0.063Bǂ 0.313 ±0.235Aǂ

Cd G BW 0.001 ±0.000a* 0.001 ±0.000a* 0.001 ±0.001a* 0.001 ±0.000a* 0.001 ±0.000a* 0.001 ±0.000a*

AW 0.05 ±0.000Aǂ 0.05 ±0.000Aǂ 0.05 ±0.000Aǂ 0.05 ±0.000Aǂ 0.05 ±0.000Aǂ 0.05 ±0.000Aǂ

P BW 0.001 ±0.000a* 0.001 ±0.000a* 0.001 ±0.001a* 0.001 ±0.001a* 0.001 ±0.001a* 0.001 ±0.001a*

AW 0.05 ±0.000Aǂ 0.05 ±0.000Aǂ 0.05 ±0.000Aǂ 0.05 ±0.000Aǂ 0.05 ±0.000Aǂ 0.05 ±0.000Aǂ

Co G BW 0.062 ±0.000a* 0.062 ±0.001a* 0.062 ±0.001a* 0.063 ±0.001a* 0.062 ±0.001a* 0.062 ±0.001a*

AW 0.055 ±0.001Aǂ 0.056 ±0.001Aǂ 0.056 ±0.001Aǂ 0.056 ±0.001Aǂ 0.055 ±0.001Aǂ 0.045 ±0.003Aǂ

P BW 0.062 ±0.000a* 0.062 ±0.001a* 0.062 ±0.001a* 0.062 ±0.001a* 0.061 ±0.001a* 0.062 ±0.001b*

AW 0.056 ±0.001Aǂ 0.055 ±0.001Aǂ 0.055 ±0.001Aǂ 0.056 ±0.001Aǂ 0.055 ±0.002Aǂ 0.024 ±0.010Bǂ

Cr G BW 0.076 ±0.001a* 0.076 ±0.001a* 0.076 ±0.001a* 0.076 ±0.001a* 0.076 ±0.001a* 0.076 ±0.001a*

AW 0.064 ±0.001Aǂ 0.063 ±0.001Aǂ 0.063 ±0.001Aǂ 0.063 ±0.001Aǂ 0.063 ±0.001Aǂ 0.064 ±0.001Aǂ

P BW 0.076 ±0.001a* 0.076 ±0.001a* 0.076 ±0.003a* 0.076 ±0.001a* 0.076 ±0.002a* 0.063 ±0.002a*

AW 0.064 ±0.001Aǂ 0.063 ±0.001Aǂ 0.063 ±0.001Aǂ 0.062 ±0.001Aǂ 0.063 ±0.001Aǂ 0.063 ±0.001Aǂ

Cu G BW 0.006 ±0.000a* 0.006 ±0.000a* 0.006 ±0.001a* 0.006 ±0.001a* 0.009 ±0.001a* 0.006 ±0.000a*

AW 0.020 ±0.001Aǂ 0.019 ±0.001Aǂ 0.019 ±0.001Aǂ 0.019 ±0.001Aǂ 0.020 ±0.000Aǂ 0.019 ±0.001Aǂ

P BW 0.006 ±0.000a* 0.006 ±0.001a* 0.006 ±0.001a* 0.006 ±0.002a* 0.007 ±0.001b* 0.006 ±0.000a*

AW 0.021 ±0.002A* 0.020 ±0.001Aǂ 0.019 ±0.001Aǂ 0.019 ±0.001Aǂ 0.020 ±0.001Aǂ 0.020 ±0.001Aǂ

K G BW 0.184 ±0.030a* 0.175 ±0.052a* 0.239 ±0.020a* 0.260 ±0.044a* 0.280 ±0.036a* 0.214 ±0.042a*

AW 0.462 ±0.127Aǂ 0.376 ±0.090Aǂ 0.431 ±0.143Aǂ 0.408 ±0.122Aǂ 0.416 ±0.110Aǂ 0.344 ±0.141Aǂ

P BW 0.441 ±0.082b* 0.273 ±0.021a* 0.260 ±0.064a* 0.513 ±0.50a* 0.210 ±0.036b* 0.212 ±0.030a*

AW 0.462 ±0.043A* 0.384 ±0.065Aǂ 0.508 ±0.105Aǂ 0.556 ±0.178A* 0.423 ±0.078Aǂ 0.339 ±0.075Aǂ

Li G BW 0.330 ±0.049a* 0.294 ±0.048a* 0.800 ±0.109a* 0.478 ±0.062a* 0.378 ±0.064a* 0.355 ±0.160a*

AW 0.028 ±0.018Aǂ 0.037 ±0.024Aǂ 0.273 ±0.133Aǂ 0.230 ±0.140Aǂ 0.093 ±0.051Aǂ 0.038 ±0.025Aǂ

P BW 0.355 ±0.090a* 0.354 ±0.101a* 3.635 ±0.729b* 0.864 ±0.108b* 0.372 ±0.075a* 0.330 ±0.072a*

AW 0.070 ±0.053Aǂ 0.069 ±0.046Aǂ 2.846 ±0.835B* 0.159 ±0.061Aǂ 0.049 ±0.054Aǂ 0.079 ±0.055Aǂ

Mg G BW 0.261 ±0.005a* 0.260 ±0.005a* 0.273 ±0.012a* 0.263 ±0.011a* 0.252 ±0.007a* 0.272 ±0.025a*

AW 0.016 ±0.010Aǂ 0.004 ±0.003Aǂ 0.020 ±0.007Aǂ 0.015 ±0.013Aǂ 0.033 ±0.004Aǂ 0.005 ±0.008Aǂ

P BW 0.263 ±0.007a* 0.261 ±0.016a* 0.297 ±0.023b* 0.315 ±0.099a* 0.266 ±0.006b* 0.274 ±0.014b*

AW 0.015 ±0.005Aǂ 0.012 ±0.006Bǂ 0.029 ±0.009Aǂ 0.020 ±0.009Aǂ 0.010 ±0.006Bǂ 0.004 ±0.004Bǂ

Na G BW 0.057 ±0.014a* 0.065 ±0.010a* 0.024 ±0.021a* 0.035 ±0.020a* 0.821 ±0.170a* 0.061 ±0.016a*

AW 0.042 ±0.030A* 0.043 ±0.021A* 0.050 ±0.014Aǂ 0.051 ±0.041A* 0.027 ±0.019Aǂ 0.053 ±0.022A*

P BW 0.065 ±0.018a* 0.062 ±0.008a* 0.197 ±0.030b* 0.067 ±0.057a* 0.038 ±0.008b* 0.070 ±0.007a*

AW 0.045 ±0.008Aǂ 0.054 ±0.007A* 0.033 ±0.016Bǂ 0.025 ±0.014Aǂ 0.039 ±0.015A* 0.055 ±0.023A*

(continued on next page)
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Table 3. (Continued) Ion elution values (mg/kg) of ions before and after 2-body wear for each material-surface treatment pair

Ion
Surface

Treatment Wear LC FP ZLS LDS PICN ZIR

P G BW 0.930 ±0.028a* 0.948 ±0.028a* 0.975 ±0.040a* 0.948 ±0.066a* 1.056 ±0.035a* 0.923 ±0.081a*

AW 0.283 ±0.083Aǂ 0.317 ±0.078Aǂ 0.316 ±0.061Aǂ 0.272 ±0.095Aǂ 0.105 ±0.060Aǂ 0.370 ±0.074Aǂ

P BW 0.831 ±0.036b* 0.969 ±0.063a* 1.243 ±0.180b* 1.164 ±0.326b* 1.001 ±0.033a* 0.942 ±0.073a*

AW 0.299 ±0.054Aǂ 0.276 ±0.075Aǂ 0.170 ±0.110Bǂ 0.255 ±0.077Aǂ 0.222 ±0.087Bǂ 0.358 ±0.049Aǂ

Y G BW 0.064 ±0.000a* 0.064 ±0.000a* 0.064 ±0.000a* 0.064 ±0.000a* 0.064 ±0.000a* 0.064 ±0.000a*

AW 0.116 ±0.000Aǂ 0.116 ±0.000Aǂ 0.116 ±0.000A* 0.116 ±0.000Aǂ 0.116 ±0.000A* 0.116 ±0.000Aǂ

P BW 0.064 ±0.000a* 0.064 ±0.000a* 0.064 ±0.000a* 0.064 ±0.000a* 0.064 ±0.000a* 0.064 ±0.000a*

AW 0.116 ±0.000Aǂ 0.116 ±0.000Aǂ 0.116 ±0.000Aǂ 0.116 ±0.000Aǂ 0.116 ±0.000Aǂ 0.116 ±0.000A*

Zn G BW 0.023 ±0.001a* 0.029 ±0.002a* 0.037 ±0.004a* 0.024 ±0.004a* 0.021 ±0.006a* 0.029 ±0.003a*

AW 0.176 ±0.206Aǂ 0.067 ±0.019Aǂ 0.092 ±0.072Aǂ 0.111 ±0.089Aǂ 0.047 ±0.035Aǂ 0.110 ±0.123Aǂ

P BW 0.005 ±0.003b* 0.028 ±0.001a* 0.060 ±0.001b* 0.024 ±0.010a* 0.023 ±0.001a* 0.026 ±0.002a*

AW 0.043 ±0.055Aǂ 0.098 ±0.082Aǂ 0.108 ±0.007Aǂ 0.194 ±0.138Aǂ 0.086 ±0.075Aǂ 0.036 ±0.019Aǂ

AW, after wear; BW, before wear; G, glazed; P, polished. *Different lowercase letters in same column show significant differences for each ion before 2-body wear for each material-surface
treatment (glazed and polished) pairs, while different superscript letters in same column indicate significant differences for each ion after 2-body wear. For each ion, same symbols in same
column for same material-surface treatment pair show no significant differences before and after 2-body wear.
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Co, Li, Mg, and P) for each material-surface treatment
pair. Polished LC (B and Ba, P=.002), FP (Al, B, and Mg,
P�.026), ZLS (Al, Ba, Ca, and Li, P�.041), and ZIR (B
and Ba, P�.026) demonstrated significantly higher ion
elution than their glazed groups, while glazed PICN (Ca,
Mg, and P, P�.009), ZLS (P, P=.002), and ZIR (Co,
P=.002) showed higher ion elution than their polished
groups.

Figure 1 represents the percentage change (difference
in ion elution before and after 2-body wear) of each ion
tested for every material-surface treatment pair. Signifi-
cant differences were observed in ion elution in some of
the material-surface treatment pairs before and after 2-
body wear. For Al, glazed FP (P=.042) and PICN
(P=.024) and polished FP (P=.042) showed a significant
decrease, while no difference was observed for the pol-
ished LC (P=.705) and PICN (P=.176). The remaining
material-surface treatment pairs, however, showed a
significant increase (P�.046). A significant decrease for B
was observed for each material-surface treatment group
after wear (P�.028), except for the glazed ZLS (P=.463).
Ba ion elution decreased after wear for all material-
surface treatment groups (P�.027), except for glazed FP
(P=.673) and ZLS (P=.249). The K ion elution in material-
surface treatment pairs increased after wear for all groups
(P=.028), except for polished LC (P=.917) and LDS
(P=.345). For Li, ion elution decreased for every material-
surface treatment pair (P�.046), except for polished ZLS
(P=.249). While Na ion elution decreased after wear for
polished LC (P=.046), ZLS (P=.028), and glazed PICN
(P=.028), a significant increase was observed for the
glazed ZLS (P=.028) and polished LDS (P=.028). How-
ever, the differences in the remaining material-surface
treatment pairs were nonsignificant (P�.075). Except for
glazed ZLS (P=.075), PICN (P=.116), and polished ZIR
(P=.4), Y ion elution increased after wear (P�.046). The
THE JOURNAL OF PROSTHETIC DENTISTRY
elution of As, Ca, Co, Cr, Mg, and P ions decreased after
wear, whereas Cd, Cu, and Zn ion elution increased after
wear (P�.028).

The SEM images of each material-surface treatment
pair before and after 2-body wear are presented in
Figure 2. A smoother surface was observed for glazed LC,
FP, ZLS, and PICN than for their polished groups before
wear. However, the surface morphology of glazed and
polished groups was similar for LDS and ZIR (Fig. 2A1-
F2). While glazed FP, LDS, and ZIR presented smoother
surfaces than their polished groups after 2-body wear,
glazed ZLS showed more irregularities than the polished
ZLS. A similar microtopography was seen for the glazed
and the polished groups of LC and PICN. Among the
material-surface treatment pairs, the roughest surfaces
after 2-body wear were observed on glazed FP and in
both groups of LC and PICN (Fig. 2A3-F4). Glazed
groups of all materials presented rougher surfaces than
the polished groups, except for ZLS (Fig. 2A1-F4). The
surface of the polished LC, ZLS, and PICN was rougher
after 2-body wear, whereas the surface of the polished FP
was rougher before 2-body wear. The 2-body wear had a
small impact on the surface of the glazed ZLS (Fig. 2C1,
2C3) and polished LDS (Fig. 2D2, 2D4) and ZIR (Fig. 2F2,
2F4) as only small holes were visible on the surfaces.
DISCUSSION

Significant differences were found in the elution of some
ions of glazed or polished materials both before and after
the 2-body wear test. The elution values of all ions except
for Cd and Y before the 2 body-wear test and those of Al,
B, Ba, Ca, Co, Li, Mg, and P after the test showed sig-
nificant differences for at least 1 of the material-surface
treatment pairs. Therefore, the first null hypothesis was
rejected. The second null hypothesis was also rejected
Sert et al
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Figure 1. Percentage change of ions tested. A, Leucite glass-ceramic. B, Feldspathic glass-ceramic. C, Zirconia-reinforced lithium silicate glass-ceramic.
D, Lithium disilicate glass-ceramic. E, Polymer-infiltrated ceramic network. F, 3-mol% yttria partially-stabilized zirconia polycrystalline ceramic.
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because significant differences were found between ion
elution values at baseline and after the 2-body wear test
for most of the material-surface treatment pairs.

The authors are unaware of a previous study on the
effects of finishing procedures on the ion elution of CAD-
CAM dental materials. Polished groups of the materials
demonstrated higher ion elution values for most of the
differences observed both before and after 2-body wear.
PICN differed from the other materials as its glazed
group predominantly presented higher ion elution for the
ions with significant differences, except for Mg before the
2-body wear test. Moreover, for Ca, Mg, and P ions, only
the glazed PICN presented higher ion elution than its
polished group after 2-body wear, which may be asso-
ciated with the fact that glazing forms a coat on and
smoothens the material surface34 and reduces ion
elution. However, PICN differs from the other materials
used in the present study as it contains a polymer
network along with a ceramic structure.35,36 This feature
of PICN might have improved its polishability, which
resulted in lower ion elution values than those of glazed
PICN. In addition, glazing PICN does not involve firing,
which might have led to a less stable glaze on the surface.
Another finding of the present study was that the ion
elution values of only LDS after the 2-body wear test
were not affected by the surface treatment. The glazed
LDS may be more stable than the other material-surface
treatment pairs tested in the present study. Nevertheless,
a restoration may undergo additional firing cycles
because of esthetic or functional adjustments; thus,
future studies on the effect of reglazing on the ion elution
of CAD-CAM ceramics may further provide information
on the chemical stability of these materials.

The elemental release of nickel (Ni) and Be from
casting alloys after simulated occlusal wear with different
antagonists has been reported.37 In another study, Zn
elution from Type IV gold crowns and Si elution from LC
crowns increased after 3 months of clinical service.15

These results are in contrast with those of the present
study, which may be because the experiment settings
were standardized in the present in vitro study.

The chemical degradation of ceramics in liquid envi-
ronments with predominately acidic pH values has been
investigated.6,7,9-12,16,19 Immersion in 4% acetic acid so-
lution at 80 �C for 18 hours was reported to increase the
surface roughness of leucite glass-ceramics,9 while
another study reported that organic acids negatively
affected LDS and ZLS and that PICN was mainly affected
by ethanol and heptane.7 Milleding et al10 reported that
oxide ceramics displayed significantly lower leaching
values than the glass-ceramics, and this difference was
observed on a larger scale in acidic media. However,
increasing the frequency of pH changes was reported to
promote corrosion in glass-ceramics and increase the
THE JOURNAL OF PROSTHETIC DENTISTRY
amount of Si elution compared with immersion in a
constant pH environment.20,21 Si, O, Ti, and Zr, the
predominant elements of materials used in the present
study, were not detected. These elements are present as
chemical compounds formed with each other, which may
explain this finding. In addition, this result can be asso-
ciated with the 2-body wear test, as it was performed
with distilled water rather than a more corrosive acidic
solution. These ions might be resistant to elution in
neutral pH values. However, the ion elution may not
solely depend on the abundance of the elements.15

The values determined by the Agency for Toxic Sub-
stances and Disease Registry have been referred to in a
previous study on the ion elution of ceramics after 16%
carbamide peroxide application,6 with the conclusion that
released amounts of Cu were above the minimal risk
levels. In the present study, the elution values of ions
other than As, Be, Cd, Cr, and Cu were below the
specified thresholds. However, these results should be
interpreted cautiously as these values do not feature daily
ion release. Nevertheless, the wear of ceramics might
release microsized particles, which may have local or
systemic effects by accumulation.10

The surface of polished PICN, glazed ZLS, and both
groups of LDS, which showed lower ion elution values,
did not change after 2-body wear as seen in the SEM
images. In a recent study on the effect of surface treat-
ment, polished groups presented higher roughness than
the glazed groups of CAD-CAM LC, FP, ZLS, and ZIR.
However, for LDS and PICN, similar results were re-
ported for the polished and glazed groups.38 Considering
the findings of the study by Çakmak et al 38 and because
glazing led to a lower ion elution (LC, FP, ZLS, and ZIR)
in the present study, it can be speculated that higher
surface roughness or increased topographical changes
may result in higher elution. Polished PICN and ZIR had
higher microhardness than their glazed counterparts,
whereas the difference between glazed and polished
specimens within other materials was insignificant.38 In
the present study, polished PICN and glazed ZIR showed
lower ion elution than their counterparts.

Limitations of the present study included that, even
though significant differences were observed, an a priori
power analysis was omitted. In addition, 1 type of
antagonist was used, and a thermomechanical cycle
simulating 1 year intraoral use was performed.39

Considering that 4% acetic acid has been commonly
used for chemical degradation,6,9-12,14,16,19 future ion
elution studies on different CAD-CAM materials after
thermomechanical aging in 4% acetic acid with different
types of antagonists for longer periods might help re-
searchers understand the chemical durability and
possible allergic, cytotoxic, and genotoxic effects of these
materials.
Sert et al



Figure 2. Scanning electron microscope images of material surfaces (original magnification ×700). A, Leucite glass-ceramic. B, Feldspathic
glass-ceramic. C, Zirconia-reinforced lithium silicate glass-ceramic. D, Lithium disilicate glass-ceramic. E, Polymer-infiltrated ceramic network material.
F, Zirconia. 1, Glazed before wear; 2, polished before wear; 3, glazed after wear; 4, polished after wear.
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CONCLUSIONS

Based on the findings of this in vitro study, the following
conclusions were drawn:

1. Polished polymer-infiltrated ceramic networks
showed lower chemical stability, whereas lithium
disilicate glass-ceramics showed similar chemical
stability when polished or glazed. For the other
materials tested, glazing led to lower ion elution.

2. Chemical stability of the CAD-CAM materials
tested was affected by the 2-body wear. Among the
tested ions, As, Be, Cd, Cr, and Cu eluted higher
than the toxic threshold values specified by the
Agency for Toxic Substances and Disease Registry.
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